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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF: : 

Naoki TSUKIJI, et al. : EXAMINER: AL NAZER, L. 

SERIAL NO: 09/931,257 : DATE ALLOWED: July 1,2004 

FILED: August 17,2001 : GROUP ART UNIT: 2828 

FOR: SEMICONDUCTOR LASER : 
DEVICE AND DRIVE 
CONTROL METHOD FOR A 
SEMICONDUCTOR LASER 
DEVICE 

PETITION UNDER 37 C.F.R. § 1.181 

COMMISSIONER FOR PATENTS 
ALEXANDRIA, VA 22313-1450 

SIR: 

37 C.F.R. § 1.181(a)(3) allows petition to invoke the supervisory authority of the 
Commissioner in appropriate circumstances. 

The Applicant respectfully petitions in accordance with 37 C.F.R. § 1.181(a)(3) to 
compel consideration by the Examiner of the reference cited in the Information Disclosure 
Statement (IDS) filed on November 13, 2003, re-signed copies of which are attached as well 
as a date-stamped filing receipt. 

The Applicants notes that the Notice of Allowance dated July 1 , 2004, did not include 

an indication that the IDS was entered and considered. Accordingly, the Applicants request a 

copy of the IDS filed on November 13, 2003, that is signed, initialed, and dated by the 

Examiner as being considered as required under MPEP 609 III. C. 2., in order to clarify that 

the references cited in the IDS have been considered and made of record. 
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Application Serial No. : 09/93 1 ,257 
Naoki TSUKIJI, et al. 

It is respectfully requested that this Petition under 37 C.F.R. § 1.181 be granted and 
the Examiner compelled to provide the Applicants with a signed and dated copy of the IDS 
filed on November 13 5 2003. 
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■ European Search Report 

- ■ Cited References (7) 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

IN RE APPLICATION OF: Naoki TSUKIJI, et al. 

SERIAL NO: 09/931,257 GAU: 2828 

FILED: August 17, 2001 EXAMINER: ZAHN, J. 

FOR: SEMICONDUCTOR LASER DEVICE AND DRIVE CONTROL METHOD FOR A SEMICONDUCTOR LASER 

DEVICE 

INFORMATION DISCLOSURE STATEMENT UNDER 37 CFR 1.97 

COMMISSIONER FOR PATENTS 
ALEXANDRIA, VIRGINIA 22313 

SIR: 

Applicant(s) wish to disclose the following information. 
REFERENCES 

■ The Applicants wish to make of record the references cited in the European Search Report and listed on the 
attached form PTO-1449. Copies of the listed references are attached, where required, as are either statements of 
relevancy or any readily available English translations of pertinent portions of any non-English language 
references. 

B A credit card payment form is attached in the amount required under 37 CFR §1.1 7(p). 
RELATED CASES 

□ Attached is a list of applicant's pending application(s) or issued patent(s) which may be related to the present 
application. A copy of the patent(s), together with a copy of the claims and drawings of the pending application(s) 
is attached along with PTO 1449. 

□ A check or credit card payment form is attached in the amount required under 37 CFR §1.17(p). 

CERTIFICATION 

■ Each item of information contained in this information disclosure statement was first cited in a communication 
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of 
this statement. 

□ No item of information contained in this information disclosure statement was cited in a communication from a 
foreign patent office in a counterpart foreign application or, to the knowledge of the undersigned, having made 
reasonable inquiry, was known to any individual designated in 37 CFR § 1.56(c) more than three months prior to 
the filing of this statement. 

DEPOSIT ACCOUNT 

■ Please charge any additional fees for the papers being filed herewith and for which no check or credit card 
payment is enclosed herewith, or credit any overpayment to deposit account number 15-0030. A duplicate copy of 
this sheet is enclosed. 
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OBLON, SPIVAK, McCLELJ^AND, 
MAIER^& NEUSTADT, P.C 
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© Verfahren zur Stabilisierung der Frequenz einer Laserdiode unabhangig vom Diodenstrom 



Verfahren zur Stabilisierung der Frequenz einer Laserdio- 
de, in dem die Temperatur des Gehauses (12) der Laserdiode 
(8) gemessen und zu Warmezu- oder -abf uhr konstant gehal- 
ten wird. Beim Einschalten des zum Betreiben der Laserdio- 
de (8) erforderlichen Stromes wird die Stromstarke langsam 
von einem Anfangswert auf einen Sollwert gesteigert. Die 
Ist-Temperatur (12) des Gehauses der Laserdiode (8) wird in 
Abhangigkeit der der Laserdiode (8) zugefuhrten Stromstar- 
ke derart verandert, daS die Laserdiode (8) bei beliebiger 
StromstSrke Lrcht konstanter Wellenlange emittiert. Die 
Temperaturregelung der Laserdiode (8) entsprechend der 
Stromstarke wird mittels eines Stabilitatsfaktors oc « dX/ 
(di)/dA/(dT) durchgefuhrt. Das Verfahren wird auch nach 
Erreichen der Betriebsbedingungen der Laserdiode (8) bei 
Spannungs- oderTemperaturschwankungen angewandt. 
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Patentanspruche 



1. Verfahren zur Stabilisierung der Frequenz einer 
Laserdiode, in dem die Temperatur des Gehauses 
der Laserdiode gemessen und durch Warmezu- s 
oder -abfuhr konstant gehalten wird und anschlie- 
Bend der zum Betreiben der Laserdiode erforderli- 
che Strom eingeschaltet wird, dadurch gekenn- 
zeichnet, daB die Stromstarke langsam von einem 
Anfangswert — insbesondere Null — auf einen to 
Sollwert entsprechend der gewunschten Ausgangs- 
leistung der Laserdiode (8) gesteigert wird und da- 
bei, sowie ggf. bei weiteren Veranderungen der 
Stromstarke, die Temperatur des Gehauses (12) der 
Laserdiode (8) so verandert wird, daB die Tempera- is 
tur der laseraktiven Zone der Laserdiode (8) ent- 
sprechend einem Stabilitatsfaktor 



a = 



dA/dA 
d/' dT 



20 



gehalten wird, mit 

a [° K7 A] Stabili t a tsf aktor 25 
A [m] Welienlange des Lichts der Laserdiode 

/[A] Stromstarke 

T[° K] Temperatur des Gehauses der Laser- 
diode 

30 

2. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB die Temperatur der Jaseraktiven Zo- 
ne der Laserdiode auch dann konstant gehalten 
wird, wenn die Stromstarke auf einen Anfangswert 

— insbesondere Null — erniedrigt wird. 35 

3. Verfahren nach Anspruch 1, dadurch gekenn- 
zeichnet, daB zum Zwecke der Kalibrierung die 
Abhangigkeit der Welienlange von der Stromstar- 
ke einerseits und der Temperatur andererseits ge- 
messen wird, die Steigungen der Kurven der Wei- 40 
lenlange Oberder Stromstarke bei konstanter Tem- 
peratur und der Welienlange uber der Temperatur 
bei konstanter Stromstarke aus diesen Messungen 
ermittelt werden und durch Quotientenbildung die- 
ser Steigungen der Stabilitatsfaktor a errechnet 45 
wird, nach welchem die Temperatur der laserakti- 
ven Zone der Laserdiode (8) konstant gehalten 
wird 

4. Verfahren nach den Anspriichen 1 bis 3, dadurch 
gekennzeichnet, daB als Temperatur des Gehauses so 
der Laserdiode (8) zu Beginn des Einschaltens des 
Stromes diejenige Temperatur benutzt wird, bei 
der auch der Stabilitatsfaktor ermittelt wurde. 

5. Vorrichtung zur Stabilisierung der Frequenz ei- 
ner Laserdiode nach dem Verfahren gemaB An- 55 
spruch 1, die eine Spannungsquelle und einen Soll- 
wertgeber aufweist, wobei der an dem Sollwertge- 
ber eingestellte Wert der Stromstarke einem 
Stromregler zugefuhrt wird und der Stromregler 
einen Ist/Soll-Vergleich der Stromstarke durch- 60 
fuhrt und bei Abweichungen den Wert der Strom- 
starke korrigiert, der am Ausgang des Stromreglers 
anliegende Wert der Stromstarke der Laserdiode 
zugefuhrt wird und weiterhin ein Temperaturregler 
vorgesehen ist, der einen Vergleich zwischen der 65 
Ist-Temperatur des Gehauses der Laserdiode und 
einer vorgegebenen Soll-Temperatur durchfiihrt 
und durch entsprechende Warmezu- oder -abfuhr 



das Gehause der Laserdiode auf konstante Tempe- 
ratur halt, dadurch gekennzeichnet, daB ein Kopp- 
lungsglied (9) vorgesehen ist, daB dem Kopplungs- 
glied (9) die Ist-GrdBen des Stromreglers (3) und 
des Temperaturreglers (11) zugefuhrt werden, daB 
das Kopplungsglied (9) entsprechend dem Stabili- 
tatsfaktor a FuhrungsgroBen (10, 14) an den Strom- 
regler (3) und dem Temperaturregler (11) derart 
anlegt, daB die Frequenz des Lichts der Laserdiode 
(8) konstant bleibt 

6. Vorrichtung zur Stabilisierung der Frequenz ei- 
ner Laserdiode nach Anspruch 5, dadurch gekenn- 
zeichnet, daB das Kopplungsglied (9) Einrichtungen 
zur Veranderung des Stabilitatsf aktors aufweist 

7. Vorrichtung nach Anspruch 5 oder 6, dadurch 
gekennzeichnet, daB das Kopplungsglied (9) haupt- 
sachlich aus sogenannten analogen Elementen be- 
steht. 

8. Vorrichtung nach Anspruch 5 oder 6, dadurch 
gekennzeichnet, daB als Kopplungsglied (9) ein Mi- 
kroprozessor(21) vorgesehen ist 

9. Vorrichtung nach Anspriichen 5 und 8, dadurch 
gekennzeichnet, daB der Mikroprozessor (21) Ein- 
richtungen zur Regelung der Stromstarke und der 
Temperatur der Laserdiode (8) aufweist 

Beschreibung 

Die Erfindung bezieht sich auf ein Verfahren zur Sta- 
bilisierung der Frequenz einer Laserdiode, in dem die 
Temperatur des Gehauses der Laserdiode gemessen 
und durch Warmezu- oder -abfuhr konstant gehalten 
wird und anschlieBend der zum Betreiben der Laserdio- 
de erforderliche Strom eingeschaltet wird. Laserdioden 
eignen sich insbesondere fur Langenmessungen mit ho- 
her Genauigkeit Die gesuchte Lange ergibt sich in Ab- 
hangigkeit von Hell/Dunkelstreifen, die durch Interfe- 
renz des Laserlichtes auftreten, und der Welienlange 
bzw. Frequenz der Laserdiode. Die Frequenz der Laser- 
diode muB also zu jedem Zeitpunkt der Messung be- 
kannt sein. Eine permanente Messung der Frequenz der 
Laserdiode wurde einen groBen apparativen Auf bau er- 
fordern und, hervorgerufen durch die Fehler bei der 
Frequenzmessung, die Genauigkeit der Langenmessung 
verringern. Es erweist sich daher als unumganglich eine 
Laserdiode zu verwenden, die Licht bekannter und kon- 
stanter Frequenz ausstrahlt 

Bedingt durch den Aufbau der Laserdiode variiert 
deren Frequenz bei Anderung der ihr zugefOhrten 
Stromstarke oder der Temperatur der laseraktiven Zo- 
ne. Die Anderung der Stromstarke bewirkt hauptsach- 
lich, infolge von Verlustwarme, eine Temperaturande- 
rung der laseraktiven Zone. Es erweist sich daher als 
notwendig, die Temperatur der laseraktiven Zone, zu- 
mindest wahrend der Langenmessung, konstant zu hal- 
ten. 

Aus dem Artikel "Emission Frequency Stability in Sin- 
gle-Mode-Fibre Optical Feedback Controlled Semicon- 
ductor Lasers", Electronics Letters, Vol. 19, No 17, Au- 
gust 1983, von F. Fouvre und D. Le Guen ist ein Verfah- 
ren entsprechend dem Oberbegriff des Anspruchs 1 be- 
kannt 

Bei diesen Verfahren wird das Gehause der Laserdio- 
de auf konstanter Temperatur gehalten und zwar unab- 
hangig von der der Laserdiode zugefuhrten Stromstar- 
ke. Nachteilig ist, daB beim Einschalten des Stromes der 
Laserdiode infolge der dadurch auftretenden Verlust- 
warme, wie bereits oben beschrieben, eine Frequenzan- 

OR1GINAL INSPECTED 
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derung des Lichts der Laserdiode auftritt und die Fre- 
quenz des Lichts der Laserdiode solange variiert, bis die 
Kuhlung des Gehauses der Laserdiode die durch den 
Strom hervorgerufene Erwarmung der Iaseraktiven Zo- 
ne kompensiert hat Die letztlich vorhandene Frequenz 
des Lichts der Laserdiode ist bei diesem Verfahren nur 
in relativ groBen Grenzen vorhersagbar, da die Kurve 
der Frequenz der Laserdiode fiber der Temperatur un- 
stetig ist, in Form einer Treppenfunktion verlauft und 
eine Hysterese besitzt Damit sind der Genauigkeit der 
Langenmessung enge Grenzen gesetzt Der relative 
Fehler der Frequenz betragt: 

Aviv = 10~ 3 mit vfs- 1 ] Frequenz des Lichts der Laser- 
diode. 

Weiterhin ist es bekannt, fur Langenmessungen Heli- 
um-Neon-Laser einzusetzen. Dieser Laser bieten den 
Vorteil, daB sich die Frequenz des Laserlichts fiber eine 
Naturkonstante ermitteln laBt und konstant ist Nach- 
teilig jedoch ist, daB diese Helium-Neon-Laser ver- 
gleichsweise groB sind und so fur viele Anwendungsge- 
biete, wo es auf kleine Bauweise ankommt, beispielswei- 
se bei dem Einbau in NC-gesteuerten Werkzeug und 
Koordinatenme-maschinen nicht einsetzbar sind. 

Weiterhin nachteilig sind die Helium-Neon-Laser im 
Vergleich zu einer Laserdiode wesentlich teurer, wo- 
durch ebenfalls der Einsatz der Helium-Neon- Laser be- 
schrankt wird. 

Aus dem Aufsatz "Frequency Stabilisation of Semi- 
conductor Lasers for Heterodyne-Type Optical Comm- 
unication Systems" von T. Okoshi und K. Kikuchi, Elec- 
tronics Letters, Vol. 16, No. 5, February 1980, ist em 
Verfahren bekannt, welches nach Einregelung der Be- 
triebsbedingungen der Laserdiode Frequenzschwan- 
kungen, die durch Temperatur- oder Spannungsschwan- 
kungen hervorgerufen werden, unterdruckt Das Licht 
der Laserdiode wird dafur in zwei MeBpfade aufgespal- 
ten. Im ersten MeBpfad wird das Licht der Laserdiode 
direkt von einer Photodiode aufgenommen, im zweiten 
MeBpfad wird das Licht der Laserdiode uber einen Fa- 
bry-Perot Interferometer einer zweiten Photodiode zu- 
gefuhrt Die Ausgange beider Photodioden sind mit ei- 
nem Differentialverstarker verbunden, dessen Ausgang 
wiederum zur Steuerung der Warmezu- oder -abfuhr 
benutzt wird. Nachteilig ist, daB diese Frequenzstabili- 
sierung erst nach Einregelung des Betriebszustandes 
der Laserdiode, also nachdem die Laserdiode bereits 
Licht bestimmter Frequenz emittiert, zur Anwendung 
kommt Beim Einschalten und Hochregeln des Stromes 
der Laserdiode variiert bei diesem Verfahren die Fre- 
quenz des Lichtes der Laserdiode, was die oben bereits 
beschriebenen Nachteile mit sich bringt. Weiterhin er- 
fordert dieses Verfahren eihen relativ groBen apparati- 
ven Aufbau und ist dadurch bedingt teuer und auf An- 
wendungsgebiete beschrankt, bei denen fur den Aufbau 
genugend Platz vorhanden ist 

Das Ausgangssignal des Differentialverstarkers kann 
anstatt zur Regelung der Warmezu- oder -abfuhr zur 
Regelung der der Laserdioden zugefuhrten Stromstar- 
ke benutzt werden. Dies wird in dem Artikel "High Fre- 
quency Stability of Laserdiode for Heterodyne Comm- 
unication Systems", F. Favre, D. Le Guen, Electronic 
Letters, Vol. 16, No. 18, August 1980, vorgeschlagen. 
Auch hier wird die Frequenz des Lichts der Laserdiode 
erst dann stabilisiert, wenn die Laserdiode bereits ihren 
Betriebszustand erreicht hat Die oben bereits geschii- 
derten Nachteile gelten hier entsprechend. 

Eine Vorrichtung zur Stabilisierung der Frequenz ei- 
ner Laserdiode entsprechend den Merkmalen des Ober- 



begriffs des Anspruchs 5 ist aus dem Bericht der physi- 
kalisch-technischen Bundesanstalt, Temperaturstabili- 
sierter, abstimmbarer und modulierter Diodenlaser", 
von A.Abou-Zeid und G.Leppelt, PTB-ME-67, April 
5 1985, ISSN 0341-6720, bekannt Es ist ein Temperatur- 
regler vorgesehen, der das Gehause der Laserdiode auf 
konstante Temperatur halt Die der Laserdiode zuge- 
fuhrte Stromstarke wird von einem Anfangswert, nam- 
iich Null, auf einem Sollwert, die einem Sollwertgeber 
10 vorgegeben wurden, mittels eines Stromreglers hochge- 
regelt Dabei wird insbesondere die Temperatur der Ia- 
seraktiven Zone verandert, was eine Anderung der Fre- 
quenz des Lichts der Laserdiode zur Folge hat Nach 
einer bestimmten Zeit macht sich die Temperaturande- 
15 rung der Iaseraktiven Zone als Temperaturanderung am 
Gehause der Laserdiode bemerkbar, woraufhin der 
Temperaturregler eine Warmezu- oder -abfuhr an dem 
Gehause der Laserdiode bewirkt, die sich wiederum 
nach einer gewissen Zeitspanne in der aktiven Zone der 
20 Laserdiode bemerkbar macht. Die Frequenz des Lichts 
der Laserdiode variiert dabei bei jeder Temperaturan- 
derung der Iaseraktiven Zone. 

Der Erfindung liegt die Aufgabe zugrunde, ein Ver- 
fahren und eine Vorrichtung zur Stabilisierung der Fre- 
25 quenz einer Laserdiode der eingangsbeschriebenen Art 
so weiter zu bilden, daB die Frequenzstabilisierung einer 
Laserdiode mit einer Langzeitstabilitat von Avl- 
v < io- 5 erfolgt, und bei vorzugsweiser Benutzung in 
der LangenmeBtechnik die relative Genauigkeit der ge- 
30 messenen Lange As/s < 1 0~ 6 betragt, mit s [m] Lange. 
ErfindungsgemaB wird dies bei dem Verfahren der 
eingangs genannten Art dadurch erreicht, daB die 
Stromstarke langsam von einem Anfangswert — insbe- 
sondere Null — auf einen Sollwert entsprechend der 
35 gewunschten Ausgangsleistung der Laserdiode gestei- 
gert wird und dabei, sowie ggf. bei weiteren Verande- 
rungen der Stromstarke, die Temperatur des Gehauses 
der Laserdiode so verandert wird, daB die Temperatur 
der Iaseraktiven Zone der Laserdiode entsprechend ei- 
40 nem Stabilitatsfaktor 
dA/dA 
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45 konstant gehalten wird. Bei erfindungsgemaBer Anwen- 
dung des Verfahrens weist das Licht der Laserdiode 
eine stets gleichbleibende Frequenz auf, unabhangig der 
der Laserdiode zugefuhrten Stromstarke. Die Kompen- 
sation der Temperaturanderungen der Iaseraktiven Zo- 

50 ne, hervorgerufen durch die Stromstarkeanderungen, 
erfolgt mittels Warmezu- oder -abfuhr an dem Gehause 
der Laserdiode kontinuierlich in Abhangigkeit der der 
Laserdiode zugefuhrten Stromstarke. Die Warmezu- 
oder -abfuhr, bzw. die Regelung der Stromstarke, er- 

55 folgt entsprechend einem Stabilitatsfaktor. Dieser Sta- 
bilitatsfaktor beriicksichtigt einerseits den Warmeuber- 
gang zwischen dem Gehause der Laserdiode und der 
Iaseraktiven Zone der Laserdiode und andererseits die 
Anderung der Frequenz des Lichtes der Laserdiode in 

60 Abhangigkeit von der Temperatur der Iaseraktiven Zo- 
ne der Laserdiode. Anschaulich laBt sich das Verfahren 
mittels eines Diagrammes erklaren, bei dem die der La- 
serdiode zugefuhrte Stromstarke uber der Temperatur 
des Gehauses der Laserdiode aufgetragen ist (Fig. 3). 

65 Fur konstante Frequenzen des Lichts der Laserdiode 
ergeben sich in diesem Diagramm Graden mit negati- 
ven Steigungen. Wird nun die Stromstarke verandert, 
sei es urn die Laserdiode einzuschalten oder durch 
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Spannungsschwankungen im Netz, wird die Temperatur 
der laseraktiven Zone durch Warmezu- oder -abfuhr an 
dem Gehause der Laserdiode entsprechend der Gera- 
den in dem Diagramm Stromstarke uber Temperatur 
des Gehauses der Laserdiode fur eine bestimmte Fre- 5 
quenz verschoben. Vorteilhaft wird damit erreicht, daQ 
die Frequenz des Lichtes der Laserdiode in jedem Be- 
triebszustand, also insbesondere auch bei den Messun- 
gea konstant gehalten wird 

Weiterhin vorteilhaft ist. daB die Frequenz des Lich- 10 
tes der Laserdiode von vorneherein sehr genau bekannt 
ist, da die bekannten Sprung- und Hystereseeffekte der 
Laserdiode bei diesem Verfahren nicht auftreten kon- 
nen. Dies ist damit zu erkiaren, daB die laseraktive Zone 
der Laserdiode stets auf konstante Temperatur gehalten 15 

wird. . 

Vorteilhaft wird mit diesem Verfahren zur Stabilisie- 
rung der Frequenz einer Laserdiode eine Langzeitkon- 
stanz der einmal eingestellten Frequenz uber minde- 
stens mehrere Monate erreicht Es sind somit keine auf- 20 
wandigen Nacheichungen und KontrollmaBnahmen er- 
forderlich. Weiterhin kann vorteilhaft die Eichung der 
Laserdiode, also die Ermittlung des Stabilitatsfaktors, 
werksseitig vorgenommen und als Geratefaktor der La- 
serdiode angegeben werden. 25 

Durch die zuverlassige Stabilisierung der Frequenz 
der Laserdiode kann sie in vielen Anwendungsgebieten, 
die ihr vorher verschlossen blieben, eingesetzt werden. 
Der Vorteil solch einer Laserdiode, im Vergleich zu den 
sonst ublichen Helium-Neon-Lasern, Hegt sowohl in der 30 
kompakten Bauweise, als auch im geringen Anschaf- 
fungspreis. Weiterhin arbeitet eine Laserdiode hocn- 
spanmingsfrei, hat eine hohe Ausgangsleistung und nur 
geringe Warmeverluste sowie eine hohe Lebensdauer. 

Vorteilhaft kann bei Anwendung des oben beschne- 35 
benen Verfahrens eine bestimmte, vorgewahlte Fre- 
quenz des Lichtes der Laserdiode eingestellt werden. Es 
konnen alle Frequenzen gewahlt werden, die zwischen 
den Frequenzsprungen der Funktion in dem Diagramm 
Frequenz des Lichtes der Laserdiode uber der Tempe- 40 
ratur der laseraktiven Zone der Laserdiode Hegen. 

Die Intensitat des Lichtes der Laserdiode kann vor- 
teilhaft durch Anderung der der Laserdiode zugefuhr- 
ten Stromstarke variiert werden, ohne das sich eine Fre- 
quenzverschiebung des Lichtes der Laserdiode ergibt 45 
VerfahrensgemaB wird dann dabei die Temperatur des 
Gehauses der Laserdiode derart nachgeregelt, daB die 
Temperatur der laseraktiven Zone der Laserdiode wie- 
derum konstant bleibt. 

Vorteilhaft kann die Temperatur der laseraktiven Zo- 50 
ne der Laserdiode auch dann konstant gehalten werden, 
wenn die Stromstarke auf einen Anfangswert — insbe- 
sondere Null — erniedrigt wird Das heiBt also, daB die 
die Regelung der Warmezu- oder -abfuhr auch dann 
aktiv bleibt, wenn die Laserdiode selbst nicht betrieben 55 
wird. Temperaturschwankungen an dem Gehause der 
Laserdiode, hervorgerufen durch beispielsweise Ande- 
rung der Umgebungstemperatur, werden ausgeglichen 
und die Temperatur der laseraktiven Zone der Laser- 
diode bleibt konstant. Dadurch entstehen bei Inbetneb- eo 
nahme der Laserdiode praktisch keineriei Anlaufzeiten 
und die Laserdiode ist sofort betriebsbereit. 

Vorteilhaft kann zum Zwecke der Kalibrierung die 
Abhangigkeit der Wellenlange von der Stromstarke ei- 
nerseits und der Temperatur andererseits gemessen, die 65 
Steigungen der Kurven der Wellenlange uber der 
Stromstarke bei konstanter Temperatur und der Wel- 
lenlange uber der Temperatur bei konstanter Strom- 



starke aus diesen Messungen ermittelt und durch Quo- 
tientenbildung dieser Steigungen der Stabilitatsfaktor a 
errechnet werden, nach welchem die Temperatur der 
laseraktiven Zone der Laserdiode konstant gehalten 
wird. Durch die Bildung eines Stabilitatsfaktors kann fur 
jede sich individuell verhaltene Laserdiode, mit nur ei- 
nem Wert dem Anwender mitgeteilt werden, wie er die 
verfahrensmaBig durchzufuhrende Regelung an die m- 
dividuelle Laserdiode anpassen muB. Die Ermittlung der 
Steigungen der Kurven der Frequenz des Lichtes der 
Laserdiode uber der Stromstarke bei konstanter Tem- 
peratur der laseraktiven Zone der Laserdiode und der 
Frequenz der Lichtes der Laserdiode zu der Tempera- 
tur der laseraktiven Zone der Laserdiode bei konstanter 
Stromstarke durch Messung hat sich als einfach und 
sehr genau erwiesen. Der Warmeiibergang zwischen 
dem Gehause der Laserdiode und der laseraktiven Zone 
der Laserdiode, der mathematisch kaum oder nur mit 
erheblichem Aufwand berechenbar ist, wird durch die 
Messung automatisch erfaBt 

Vorteilhaft kann als Temperatur des Gehauses der 
Laserdiode zu Beginn des Einschaltens des Stromes die- 
jenige Temperatur benutzt werden, bei der auch der 
Stabilitatsfaktor ermittelt wurde. Damit wird nut sehr 
hoher Genauigkeit diejenige Frequenz des Lichtes der 
Laserdiode erreicht, die vorher eingestellt wurde. Bei 
Einsatz der Laserdiode in der LangenmeBtechnik kann 
somit ein relativer MeBfehler erreicht werden, der klei- 
ner als 10- 6 m/m ist, oder mathematisch ausgedruckt: 

4s/s < 10- 6 . . 

Die Stabilisierung der Frequenz des Lichts der Laser- 
diode, unabhangig von jeglichen Anderungen der der 
Laserdiode zugefuhrten Stromstarke, wird bei der Vor- 
richtung erfindungsgemaB dadurch erreicht, daB ein 
Kopplungsglied vorgesehen ist, daB dem Kopplungs- 
glied die Ist-GroBen des Stromreglers und des Tempe- 
raturreglers zugefuhrt werden, daB das Kopplungsglied 
entsprechend einem funktionalen Zusammenhang zwi- 
schen Stromstarke und Temperatur fur konstante Wel- 
lenlange der Laserdiode FuhrungsgroBen an den Strom- 
regler und dem Temperaturregler derart anlegt, daB die 
Frequenz der Laserdiode konstant bleibt Damit werden 
vorteilhaft die aus dem Stand der Technik bekannten 
und oben beschriebenen Nachteile vermieden. Diese 
und weitere Vorteile ergeben sich aus den Unteranspru- 
chen und dem Ausf uhrungsbeispieL 

Die Erfindung wird anhand bevorzugter Ausfun- 
rungsbeispiele weiter beschrieben. Es zeigt 

Fig. 1 ein Diagramm der Wellenlange des Lichts der 
Laserdiode iiber die Stromstarke; 

Fig. 2 ein Diagramm der Wellenlange des Lichts der 
Laserdiode uber der Temperatur des Gehauses der La- 
serdiode; 

Fig. 3 ein Diagramm der Stromstarke uber die Tem- 
peratur des Gehauses der Laserdiode fur verschiedene 
Frequenzen des Lichts der Laserdiode; 
Fig. 4 ein Diagramm der Stromstarke uber der Zeit; 
Fig. 5 ein Diagramm der Temperatur des Gehauses 
der Laserdiode iiber die Zeit; 

Fig. 6 ein Diagramm der Temperatur der laseraktiven 
Zone und der Frequenz der Wellenlange des Lichts der 
Laserdiode Ober die Zeit; 

Fig. 7 ein Blockdiagramm einer ersten Ausfuhrungs- 
form der erfindungsgemaBen Vorrichtung; 

Fig. 8 ein Blockdiagramm einer zweiten Ausf uhrungs- 
form der erfindungsgemaBen Vorrichtung. 

Fig 1 zeigt die Wellenlange des emittierten Lichtes 
der Laserdiode uber der der Laserdiode zugefuhrten 
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Stromstarke bei konstanter Temperatur der laserakti- 
ven Zone. Es ergibt sich eine Treppenfunktion. Bei eini- 
gen Werten der der Laserdiode zugefuhrten Stromstar- 
ke ergeben sich Unstetigkeiten, zwischen denen die 
Funktion einen linearen Verlauf mit positiven Gradien- 
ten aufweist Sowohl die Gradienten der geraden Stuk- 
ke der Treppenfunktion als auch die Lage der Unstetig- 
keitsstellen sind fur verschiedene Laserdioden unter- 
schiedlich. Zur Ermittlung des Stabilitatsf aktors wird fur 
jede einzelne Laserdiode individuell dieser funktionale 
Zusammenhang durch Messung bestimmt. Es hat sich 
gezeigt, daB der individuelle Verlauf der Frequenz des 
emittierten Lichts der Laserdiode Ciber der der Laser- 
diode zugefuhrten Stromstarke reproduzierbar ist, so 
daB diese Messung, die einen bestimmten apparativen 
Aufbau voraussetzt, werksseitig durchgefuhrt werden 
kann. 

Fig. 2 zeigt die Wellenlange des emittierten Lichts der 
Laserdiode fiber der Temperatur des Gehauses der La- 
serdiode bei konstanter Stromstarke der Laserdiode. 
Der funktionale Zusammenhang ergibt sich wiederum 
als eine Treppenfunktion. Die Steigungen zwischen den 
Unstetigkeitsstellen sind positiv. Dieser funktionale Zu- 
sammenhang ist ebenfalls fur jede Laserdiode individu- 
ell zu ermitteln, dann aber reproduzierbar. Somit kann 
auch diese Messung werksseitig durchgefuhrt werden. 
Mit Hilfe der beiden Steigungen dA/dl, dA/d7*IaBt sich 
der Stabilitatsf aktor a durch Quotientenbildung errech- 
nen. Fur jeweils konstante Frequenzen des emittierten 
Lichts der Laserdiode ergibt sich daraus die Abhangig- 
keit der Temperatur des Gehauses der Laserdiode von 
der der Laserdiode zugefuhrten Stromstarke, (Fig. 3). 
Jeder funktionale Zusammenhang stellt sich fur kon- 
stante Frequenz des emittierten Lichts der Laserdiode 
als Gerade mit negativen Gradienten dar. Bei erfin- 
dungsgemaBer Anwendung des Verfahrens wird bei je- 
der Anderung der Laserdiode zugefuhrten Stromstarke 
die Temperatur des Gehauses der Laserdiode derart 
nachgeregelt, daB der Schnittpunkt zwischen der der 
Laserdiode zugefuhrten Stromstarke und der Tempera- 
tur des Gehauses der Laserdiode in dem Diagramm 
stets auf ein und derselben Geraden liegt. Damit ist 
gewahrleistet, daB bei jeglichen Anderungen der der 
Laserdiode zugefuhrten Stromstarke die Frequenz des 
emittierten Lichtes der Laserdiode stets konstant ist 
Ebenso konnen naturlich auch Anderungen der Tempe- 
ratur des Gehauses der Laserdiode durch entsprechen- 
de Anderungen der der Laserdiode zugefuhrte Strom- 
starke kompensiert werden. Wichtig ist nur, daB der 
Schnittpunkt beider GroBen immer auf ein und dersel- 
ben Geraden fur die gewQnschte Frequenz des Lichtes 
der Laserdiode liegen. 

Fig. 4 zeigt die Zeitabhangigkeit der der Laserdiode 
zugefuhrten Stromstarke. Bei aus dem Stand der Tech- 
nik bekannten Verfahren wird die Stromstarke, wie die 
gestrichelte Line zeigt, relativ schnell von einem An- 
fangswert, beispielsweise Null, auf einen Sollwert er- 
hoht Die durchgezogene Linie zeigt die Erhohung der 
der Laserdiode zugefuhrten Stromstarke bei Anwen- 
dung des erfindungsgemaBen Verfahrens. Die Strom- 
starke wird von einem Anfangswert wesentlich langsa- 
mer auf einen Sollwert erhoht Die Anderung der 
Stromstarke erfolgt entsprechend dem vorher berech- 
neten Lei stungsf aktor. Der hier dargestellte Kurvenyer- 
lauf ist naturlich nur qualitativ zu verstehen, da die An- 
derung der Stromstarke nach einem, fur jede Laserdio- 
de individuellen, Stabilitatsfaktor bestimmt wird, und 
somit auch von der individuellen Ausfuhrung des Ge- 
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hauses der Laserdiode abhangig ist 

Fig. 5 zeigt den Verlauf der Temperatur des Gehauses 
der Laserdiode fiber der Zeit Die gestrichelte Linie gibt 
die Verhaltnisse bei dem aus dem Stand der Technik 

5 bekannten Verfahren wieder. Nach einer gewissen An- 
sprechzeit erhoht sich die Temperatur des Gehauses der 
Laserdiode. Dies wird registriert und durch Warmeab- 
f uhr des Gehauses der Laserdiode uber die Temperatur 
des Gehauses der Laserdiode innerhalb gewisser Gren- 

io zen konstant gehalten. Dadurch ergibt sich ein Ein- 
schwingvorgang, wie er schematisch in Fig. 5 dargestellt 
ist. Bei der erfindungsgemaBen Anwendung des Verfah- 
rens dagegen wird die Temperatur des Gehauses der 
Laserdiode kontinuierlich, in Abhangigkeit der Ande- 

15 rungen der der Laserdiode zugefuhrten Stromstarke, 
erniedrigt 

Fig. 6 demonstriert deutlich die Vorteile des erfin- 
dungsgemaBen Verfahrens. Dort sind die Temperaturen 
der laseraktiven Zone der Laserdiode und die Wellen- 

20 lange des emittierten Lichtes der Laserdiode uber die 
Zeit aufgetragen. Bei dem erfindungsgemaBen Verfah- 
ren sind sowohl die Temperatur der laseraktiven Zone 
als auch die Wellenlange des emittierten Lichtes der 
Laserdiode konstant Anders dagegen verhalt es sich bei 

25 Verfahren aus dem Stand der Technik, wie dies die ge- 
strichelten Linien zeigen. Die Temperatur der laserakti- 
ven Zone steigt, bedingt durch die Erhohung der der 
Laserdiode zugefuhrten Stromstarke, an. Aufgrund der 
Warmeabfuhr des Gehauses der Laserdiode wiederum 

30 ab bis sie, nach einem Einschwingvorgang, einen kon- 
stanten Wert erhalt Die Frequenz des emittierten Lich- 
tes fiber der Zeit weist einen unstetigen und ungeordne- 
ten Verlauf auf. Dieser Kurvenverlauf ist nicht vorher- 
sehbar und nicht reproduzierbar, da er sich aus einer 

35 Oberlagerung der Kurvenverlaufe entsprechend Fig. 1 
und Fig. 2 zusammensetzt und weiterhin starke Hyste- 
reseeffekte auftreten. 

Fig. 7 zeigt eine erste Version der Vorrichtung zur 
Stabilisierung der Frequenz einer Laserdiode. Eine 

40 Spannungsquelle 1 ist mit einem Sollwertgeber 2 ver- 
bunden. Der Ausgang des Sollwertgebers 2 liegt an ei- 
nem Stromregler 3. Der Stromregler 3 besitzt zwei Aus- 
gange 4 und 5 und zwei Eingange 6 und 7, Am Ausgang 
4 ist eine Laserdiode 8 angeschlossen, am Ausgang 5 ein 

45 Kopplungsglied 9. Am Eingang 7 liegt der Ist- Wert der 
Stromstarke an, am Eingang 6 eine FuhrungsgroBe 10, 
die vom Kopplungsglied 9 zur Verfugung gestellt wird. 
Weiterhin ist ein Temperaturregler 11 vorgesehen, an 
dem die Ist- Temperatur 12 des Gehauses der Laserdio- 

50 de 8 an einem Eingang 13 und eine FuhrungsgroBe 14 
des Kopplungsgliedes 9 an einem Eingang 15 anliegt 
Ein Eingang 16 dient zur Aufnahme einer Soll-Tempera- 
tur 17. Weiterhin besitzt der Temperaturregler 11 zwei 
Ausgange 18 und 19. Der Ausgang 18 ist mit dem Kopp- 

55 lungsglied 9 verbunden, der Ausgang 19 mit einem Pel- 
tierelement20. 

Die Ist-Temperatur 12 des Gehauses der Laserdiode 
8 wird gemessen und dem Temperaturregler 11 zuge- 
fuhrt Der Temperaturregler 11 halt die Ist-Temperatur 

60 12 des Gehauses der Laserdiode 8 konstant, solange 
keine FuhrungsgroBe 14 am Eingang 15 des Tempera- 
turreglers 11 anliegt. Der Strom der Laserdiode 8 wird 
durch den Stromregler 3 geregelt. Der Ist- Wert des 
Stromes wird dem Stromregler 3 am Eingang 7 zuge- 

65 fiihrt Der Soil- Wert des Stromes wird mit dem Soll- 
wertgeber 2 eingestellt Die FuhrungsgroBen 10 und 14 
werden von dem Kopplungsglied 9 erzeugt Beim Ein- 
schalten der Laserdiode 8 wird dem Sollwertgeber 2 der 
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gewunschte Wert des Stromes vorgegeben. Der Strom- 
regler 3 erhoht die der Laserdiode 8 zugefQhrte Strom- 
starke und gibt ein entsprechendes Signal an das Kopp- 
lungsglied 9. Das Kopplungsglied 9 legt Fuhrungsgro- 
Den 10 und 14 an den Stromregler 3 und dem Tempera- 
turregler 11 an. Diese FuhrungsgroBen 10 und 14 veran- 
lassen den Stromregler 3 und den Temperaturregler 11 
derart miteinander zu wirken, daB die uber die Ausgan- 
ge 4 und 19 mit der Laserdiode 8 verbundenen GroBen 
sich entsprechend dem Stabilitatsfaktor a verhalten. 

Fig. 8 zeigt eine zweite Version der Vorrichtung zur 
Stabilisierung der Frequenz einer Laserdiode. Die La- 
serdiode 8 ist mit einem Mikroprozessor 21 verbunden, 
Der Mikroprozessor 21 besitzt einen Eingang 22 und 
zwei Ausgange 23 und 24. Arn Eingang 22 des Mikro- 
prozessors 21 Iiegt die Ist-Temperatur 12 des Gehauses 
der Laserdiode 8 an. Diese wird einem A/D- Wandler 25 
zugefuhrt Ein D/A-Wandler 26 legt ein analoges Signal 
an den Ausgang 23, der mit dem Peitierelement 20 der 
Laserdiode 8 verbunden ist Ein weiterer D/ A- Wandler 
27 ist mit dem Ausgang 24, von dem aus die Speisung 
der Laserdiode 8 mit Strom erfolgt, und einem Eingang 
eines A/D-Wandlers 28 verbunden. 

Die zweite Ausfuhrungsform unterscheidet sich von 
der ersten Ausfuhrungsform dadurch, daB die Steue- 
rung der Laserdiode im Bezug auf Strom und Tempera- 
tur jetzt von einem Mikroprozessor 21 ubernommen 
wird Die Ist-Temperatur 12 der Laserdiode 8 wird dem 
A/D- Wandler 25 zugefuhrt Die Digitalinformation der 
Temperatur 12 wird sodann dem Mikroprozessor 21 
zuganglich gemacht Der Sollwert des Stromes und der 
Stabilitatsfaktor kann in den Mikroprozessor 21 fest 
einprogrammiert sein oder uber exteme Tastenfelder 
29 eingebbar sein. Der Mikroprozessor 21 ubermmmt 
riann die Regelung der der Laserdiode 8 zugefiihrten 
Stromstarke und Temperatur entsprechend dem Stabili- 
tatsfaktor. 
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1 = Spannungsquelle 

2 = Sollwertgeber 
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6 = Eingang 
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8 = Laserdiode 

9 = Kopplungsglied 

10 = FuhrungsgrpBe 

11 = Temperaturregler 

12 = Ist-Temperatur 

13 = Eingang 

14 = FuhrungsgroBe 

15 = Eingang 

16 = Eingang 

17 — Solltemperatur 

18 = Ausgang 

19 = Ausgang 

20 = Peitierelement 

21 = Mikroprozessor 

22 = Eingang 

23 = Ausgang 

24 = Ausgang 

25 = A/D- Wandler 

26 = D/A-Wandler 

27 = D/A-Wandler 

28 = A/D- Wandler 
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(54) Wavelength-changeable light source capable of changing wavelength of output light, optical 
communication network using the same and wavelength control method for controlling 
wavelength of output light of the same 



(57) In a wavelength-changeable light source of the 
present invention, a wavelength control is performed 
using a plurality of control systems when the wave- 
length of a laser, particularly a semiconductor laser, is to 
be controlled. Wavelength control characteristics of the 
respective control systems are different from each 
other, and the wavelength control can be flexibly carried 
out by combining those characteristics. Specifically, one 
of the plural control systems is a current control unit for 



controlling a current supplied to the semiconductor laser 
and another thereof is a temperature control unit for 
controlling temperature of the semiconductor laser. In 
the structure, the wavelength shift with a speedy 
response time, which can be attained in a wavelength- 
changeable range obtainable by the current control, can 
be carried out over a wide wavelength-changeable 
range obtainable by the temperature control. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a wavelength- 
changeable or tunable light source using a laser, and 
particularly to a wavelength-changeable or tunable light 
source using a semiconductor laser (hereinafter also 
relerred to as LD) f an optical communication network 
using the light source and a wavelength control method 
for controlling the wavelength of output light from the 
light source. 

Related Background Art 

Study and development of a wavelength-changea- 
ble light source have been increasingly advanced as an 
important key device in the fields of wavelength division 
multiplexing communications, optical measurements 
and so forth. For example, study and development of a 
single-wavelength operative LD, such as a distributed 
feedback laser diode (DFB-LD) and a distributed Bragg 
reflector laser diode (DBR-LD), have been promoted. 
An example thereof will hereinafter be described. 

Fig. 7 is a block diagram illustrating a wavelength- 
changeable light source using a two-electrode DFB-LD. 
The light source includes a two-electrode DFB-LD mod- 
ule 701 , a two-output current source 702, a temperature 
controller 203 and a wavelength control system #4 
(703). 

The two-electrode DFB-LD module 701 is a device 
in which its current-injection electrode is divided into two 
portions and the wavelength of its light output can be 
changed by controlling a current injected into the 
device. An example thereof is disclosed in "Journal of 
Electronics Letters, volume 22, No. 22, pp. 1153-1 154". 
In this example, the lasing wavelength is in a range of 
1556 nm to 1558 nm and thus a wavelength-changea- 
ble range of about 2 nm is attained. Further, some man- 
ufacturers presently sell such a device as a module for 
the use of study. The two-electrode DFB-LD module 
701 is constructed by packaging the above two-elec- 
trode DFB-LD together with an optical coupling system, 
an optical isolator, an optical fiber, a Peltier element, a 
thermistor and so forth. Since the lasing wavelength of 
the two-electrode DFB-LD shifts due to a change in its 
ambient or environmental temperature, the device tem- 
perature of the two-electrode DFB-LD is controlled by 
the Peltier element and the thermistor and thus a 
change in the lasing wavelength due to the temperature 
change is controlled. The optical isolator prevents the 
return of light into the two-electrode DFB-LD, and hence 
stabilizes the lasing wavelength of the two-electrode 
DFB-LD. 

Further, the two-output current source 702 is an 
electric current source which has two independent out- 
puts. The output currents of the current source 702 are 



set by a current control signal input from its outside (i.e., 
from the wavelength control system #4). The tempera- 
ture controller 203 causes a current to flow into the ther- 
mistor (which is arranged in the two-electrode DFB-LD 

5 module) and measures the temperature by detecting a 
voltage between the thermistor terminals. The tempera- 
ture controller 203 further drives the Peltier element 
(which is also arranged in the two-electrode DFB-LD 
module) having heat-generation and heat-absorption 

10 characteristics due to a current injected thereinto such 
that the measured temperature reaches a target tem- 
perature. The Peltier element can increase or decrease 
the temperature of a heat sink on which the two-elec- 
trode DFB-LD is mounted. The target temperature can 

1S be set in the temperature controller or by using a tem- 
perature control signal from its outside. Further, a differ- 
ence between the target temperature and the measured 
temperature is output as a temperature control monitor 
signal. In this example, the target temperature is inter- 
ne nally set. The wavelength control system #4 (703) con- 
trols the two-output electric current source 702 by using 
the current control signal, and controls the wavelength 
of the two-electrode DFB-LD module 701 . 

Fig. 8 illustrates another example of the wave- 

25 length-changeable light source using a DFB-LD. The 
light source is comprised of a single-electrode DFB-LD 
module 201, a current source 202. a temperature con- 
troller 203 and a wavelength control system #5 (801). 
The single-electrode DFB-LD module 201 is a 

30 device that is presently sold commercially as a module 
by several manufacturers. Since the device only has a 
single electrode, its lasing wavelength can not be 
largely varied by a current injected thereinto. The ratio 
of a change in the lasing wavelength relative to the 

35 injected current is small, such as about 0.008 nm/mA, 
and the light output is also varied as the injected current 
increases. Therefore, the wavelength-changeable 
range due to the current is in the order of 0.1 nm. For 
this reason, the wavelength is changed by using a 

40 change in the temperature in this example. For 
instance, the ratio of a change in the wavelength relative 
to the temperature is about 0.08 nm/°C and thus the 
wavelength-changeable range in the order of nanome- 
ter can be obtained. 

45 The DFB-LD module 201 is constructed by packag- 
ing the above DFB-LD together with the optical coupling 
system, the optical isolator, the optical ftoer, the Peltier 
element, the thermistor and so forth. For example, in a 
DFB laser diode manufactured by Fujitsu Limited, 

so FLD150F2KP (a trade name), its threshold current is 20 
mA, its forward voltage 1.1 V (IF=30mA), a standard 
value of its peak lasing wavelength is 1550 nm and a 
maximum of its spectral half width is 0.2 nm. This is a 
light emitting device with a single mode fiber: The inven- 

55 tor of the present invention measured characteristics of 
that light emitting element, and obtained the character- 
istics shown in Figs. 9A and 9B. Fig. 9A shows the char- 
acteristic of the lasing wavelength relative to the 
temperature, and Fig. 9B shows the characteristic of the 
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lasing wavelength relative to a supplied current. It can 
be known from those measurement results that the 
wavelength can be varied in a range having a width of 2 
nm by the temperature control between 15°C and 35°C 
and that the wavelength can be varied in a range having 5 
a width of 0.35 nm by the currant control between 30 
mA and 70 mA. 

The current source 202 is a single-output current 
source. Its output current can be controlled by the inter- 
nal setting or by the current control signal input thereinto 10 
from outside. In this example, the internal setting is per- 
formed. The temperature controller 203 is the same as 
illustrated in Fig. 7. In this example, the voltage between 
the thermistor terminals from the DFB-LD module 201 is 
detected by the temperature controller 203, and the is 
temperature control monitor signal is recognized by the 
wavelength control system #5. In addition thereto, the 
wavelength control system #5 outputs the temperature 
control signal, by which the DFB-LD module 201 is set 
to a desired wavelength, on the basis of that tempera- 20 
ture control monitor signal. Accordingly, the temperature 
setting is performed by controlling the temperature con- 
troller 203 using the temperature control signal from 
outside (i.e., from the wavelength control system #5). 
The wavelength control system #5 (801) thus controls 25 
the temperature controller 203 by using the temperature 
control signal, and controls the lasing wavelength of the 
DFB-LD module 201. On the other hand, the wave- 
length control system #5 (801) monitors the condition of 
the temperature control by using the temperature con- 30 
trol monitor signal from the DFB-LD module 201. 

The above-discussed wavelength-changeable light 
sources, however, have the following disadvantages. 

The drawback of the example using the two-elec- 
trode DFB-LD will be initially described. This device has 35 
been only produced on trial, and its fabrication process 
for mass production has not yet been established and 
hence its cost is high. Situations of other multi-electrode 
wavelength-changeable LDs, such as three-electrode 
DFB-LDs and three-electrode DBR-LDs, are the same. 40 
Therefore, though those device have the wavelength- 
changeable range having a width of 2 nm, the supply of 
those devices having sufficiently stable characteristics 
is not yet achieved. 

The drawback of the example using the tempera- 45 
ture control will next be described. Generally, the 
response of a temperature control system is slow. The 
same is also true in the temperature control system of 
the LD module in which the temperature is detected by 
the thermistor and the temperature is controlled by the so 
Peltier element. Specifically it is difficult to settle its con- 
trol within one second. Further, as the settling time of 
the control is shortened, overshooting is likely to occur. 
When such a device is used as a light source in wave- 
length division multiplexing communications with nar- ss 
row intervals between channels, crosstalk is likely to 
occur during the time of changing the wavelength. 

it is an object of the present invention to provide a 
wavelength-changeable or tunable light source in which 
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a current control with a speedy response and a narrow 
wavelength-changeable range is combined with a tem- 
perature control with a slow response and a wide wave- 
length-changeable range, hence the wavelength- 
changeable range having a width in the order of nanom- 
eter is achieved even when a single-electrode DFB-LD 
is used and time required for the wavelength changing 
operation is shortened. 

SUMMARY OF THE INVENTION 

The inventor of the present invention described in 
the specification of this application conceived that it is 
possible to use the temperature control in, for example, 
a laser, which controls its lasing wavelength by the cur- 
rent control, not only for suppression of influences of a 
change in the ambient or environmental temperature 
due to heat generation in the laser and a change in the 
exterior temperature but also for a control of changing 
the lasing wavelength and that hence the wavelength 
control can be flexibly performed. According to one 
aspect of the present invention invented based on that 
conception, there is provided the following wavelength- 
changeable light source: 

This wavelength-changeable light source includes 
a laser, a first control unit for continuously controlling a 
lasing wavelength of the laser with a short response 
time and a second control unit for continuously control- 
ling the lasing wavelength of the laser with a response 
time which is longer than the response time of the wave- 
length control by the first control unit. The second con- 
trol unit controls the lasing wavelength so as to change 
the lasing wavelength. 

The response time in the present invention does 
not mean a time period during which an actual control is 
performed, but means a time period required for a con- 
trol at the time when this control is executed by the con- 
trol unit. Further, throughout the specification, a 
continuous control of the lasing wavelength or a contin- 
uous control by the control unit means not only a control 
in which the control value is exactly continuously 
changed, but also a control in which a series of changes 
in the control value are continued at minute steps (this 
minute step is a step with such a minute magnitude that 
even when the wavelength of light is changed at this 
minute step, a receiver side receiving the light can 
unceasingly continue reception of the light without any 
change or with a tracking operation being conducted). 

In such a light source, the control can be performed 
using the first control unit where the lasing wavelength 
needs to be changed speedily, and the control can be 
performed using the second control unit where the las- 
ing wavelength may be changed slowly. Particularly, in a 
case where a wavelength-changeable range by the con- 
trol of the second control unit is wider than a wave- 
length-changeable range by the control of the first 
control unit, a light source with a wide wavelength- 
changeable range and a short response time for the 
wavelength change can be obtained. 
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The present invention can take a construction in 
which the second control unit performs such a control 
that the amount of a change in the lasing wavelength by 
the first control unit is replaced by the amount of a 
change in the lasing wavelength by the second control 
unit. Specifically, after the lasing wavelength is speedily 
changed, for example, to a longer wavelength side by 
the first control unit, the control of changing the lasing 
wavelength to a longer wavelength side is executed by 
the second control unit while the control of changing the 
wavelength to a longer wavelength side by the first con- 
trol unit is relaxed. The control of changing the wave- 
length to a shorter wavelength side is effected similarly. 
With regard to the control in which the amount of a 
change in the wavelength effected by the first control 
unit is replaced by the amount of a change in the wave- 
length effected by the second control unit, it is not lim- 
ited to a control in which the amount of a change in the 
wavelength by the first control unit is 100 % replaced by 
the amount of a change in the wavelength by the sec- 
ond control unit. The amount of a change in the wave- 
length by the second control unit may be larger or 
smaller than the amount of a change in the wavelength 
by the first control unit, depending on the situation. The 
former situation (a larger case) is, for example, a case 
where after the wavelength is promptly changed, the 
wavelength is further changed slowly to the same side. 
The latter situation (a smaller case) is, for example, a 
case where after the wavelength is promptly and suffi- 
ciently changed, an overshooting change in the lasing 
wavelength is returned to a target wavelength. In the 
case where the 100 % replacement is carried out and a 
rate of returning the wavelength control by the first con- 
trol unit to its original state is the same as a rate of 
replacing the wavelength control by the f irst control unit 
with the wavelength control by the second control unit, 
the wavelength remains substantially unchanged 
throughout the replacement process though the control 
for changing the wavelength is performed by the second 
control unit. The present invention also includes those 
constructions discussed above. 

Since after the lasing wavelength is changed by the 
first control unit, the amount of a change in the wave- 
length is replaced with the wavelength change con- 
ducted by the second control unit, a prompt response 
will be able to be done when there occurs a need to 
speedily change the lasing wavelength again. 

The following more specific structures may also be 
adopted. The laser can be a semiconductor laser. The 
first control unit can be a current control unit for control- 
ling a current supplied to the semiconductor laser. The 
second control unit can be a temperature control unit for 
controlling temperature of the semiconductor laser. 

Various constructions can be employed as a struc- 
ture for controlling the two control units, and such a 
structure can be constructed by using an analog opera- 
tional or arithmetic circuit. 

Further, a wavelength-placement detecting unit for 
detecting the placement condition of wavelengths on a 



transmission line, to which output light of the laser is 
output, can be provided, and the first control unit and 
the second control unit can perform their own controls 
on the basis of wavelength-placement information 
5 obtained from the wavelength-placement detecting unit, 
respectively. 

BRIEF DESCRIPTION OF THE DRAWINGS 

w Fig. 1 is a timing chart for controlling the lasing 
wavelength of a wavelength-changeable light source. 

Fig. 2 is a view illustrating the structure of a first 
embodiment of a wavelength-changeable light source 
according to the present invention. 
is Fig. 3 is a view illustrating the structure of a second 
embodiment of a wavelength -changeable light source 
according to the present invention. 

Fig. 4 is a view illustrating the structure of a third 
embodiment of a wavelength-changeable light source 
20 according to the present invention. 

Figs. 5A, 5B, 5C t 5D, 5E, 5F and 5G are respec- 
tively representations for explaining the operation of a 
wavelength control conducted in the third embodiment. 

Fig. 6 is a block diagram illustrating the structure of 
25 a wavelength division multiplexing communication net- 
work according to the present invention. 

Fig. 7 is a view illustrating the structure of a first 
conventional art wavelength-changeable light source. 

Fig. 8 is a view illustrating the structure of a second 
30 conventional art wavelength-changeable light source. 

Fig. 9A is a graph showing the temperature-to- 
wavelength characteristic of a single-electrode DFB-LD. 

Fig. 9B is a graph showing the current-to-wave- 
length characteristic of a single-electrode DFB-LD. 

35 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[First Embodiment] 

40 

A first embodiment of the present invention will be 
described with reference to Figs. 1 and 2. 

Fig. 1 is a timing chart of the wavelength control 
performed by a wavelength-changeable light source of 
45 the present invention. In Fig. 1 , the abscissa indicates 
time and the ordinate indicates the amount of a shift in 
the lasing wavelength. An uppermost part of Fig. 1 
shows the wavelength shift by a current, its middle part 
shows the wavelength shift by temperature and its low- 
so ermost part shows the wavelength shift by the current 
plus temperature (i.e.. a sum of the wavelength shift by 
the current and the wavelength shift by the tempera- 
ture). The wavelength control for the wavelength shift 
will be referred to as a wavelength shift control hereinaf- 
55 ter. In an example of Fig. 1 , three wavelength shift con- 
trols indicated by #1. #2 and #3 are carried out. T11 
indicates time at which the wavelength shift control #1 is 
started, T1 2 indicates time at which the wavelength shift 
by the wavelength shift control #1 is finished and T13 
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indicates time at which the control of the wavelength 
shift control #1 is finished. Likewise, T21 , T22 and T23 
respectively indicate times relevant to the wavelength 
shift control #2, and T31 , T32 and T33 respectively indi- 
cate times relevant to the wavelength shift control #3. 
XS1 indicates the amount of a wavelength shift attained 
in the wavelength shift cortffol #1 . Similarly, XS2 and 
XS3 respectively indicate the amounts of wavelength 
shifts attained in the wavelength shift controls #2 and 
#3. Xlmax indicates a maximum value of a range of the 
wavelength shift which can be obtained by th control of 
a current. 

Fig. 2 illustrates the structure of the first embodi- 
ment of a wavelength-changeable light source of the 
present invention. This light source is comprised of a 
single-electrode DFB-LD module 201 , a current source 
202, a temperature controller 203 and a wavelength 
control system #1 (204). 

In the DFB-LD module 201, the above<Jiscussed 
single-electrode DFB-LD is packaged together with an 
optical coupling system, an optical isolator, an optical 
fiber, a Peltier element, thermistor and so forth. Since 
the lasing wavelength of the single-electrode DFB-LD 
shifts due to a change in the ambient temperature, the 
device temperature of the single-electrode DFB-LD is 
controlled by the Peltier element and the thermistor. The 
optical isolator intercepts the return of light to the single- 
electrode DFB-LD and thus stabilizes the lasing wave- 
length of the single-electrode DFB-LD. 

Further, the other structure of this embodiment is 
approximately the same as the structure of the conven- 
tional art device illustrated in Fig. 8. However, this 
embodiment is different therefrom in that the wave- 
length control system #1 (204) controls the output cur- 
rent of the cunent source 201. The wavelength control 
system #1 (204) is provided with a CPU, a memory and 
so forth, and controls the lasing wavelength of the DFB- 
LD module 201 by outputting the current control signal 
and the temperature control signal. Further, in the mem- 
ory of the wavelength control system #1 (204), amounts 
of changes in the temperature control signal and the 
current control signal required for a given wavelength 
shift, operation procedures and timings for performing 
the wavelength control operation of this embodiment 
and the like are stored. It is assumed herein that the 
wavelength of the DFB-LD module 201 shifts toward a 
longer wavelength side as the current increases and as 
the temperature rises. 

In this embodiment, the wavelength control opera- 
tion in the wavelength shift control is divided into two 
stages. Initially, the current control signal is supplied 
from the wavelength control system #1 (204) to the cur- 
rent source 202, and the wavelength of the single-elec- 
trode DFB-LD module 201 is shifted on the basis of the 
current control signal (this period will be referred to as a 
first period hereinafter). Then, the temperature control- 
ler 203 supplies the Peltier drive current to the Peltier 
element in the single-electrode DFB-LD module 201 on 
the basis of the temperature control signal from the 



wavelength control system #1 (204) to shift the lasing 
wavelength of the DFB-LD, and this wavelength shift 
gradually replaces the amount of the wavelength shift 
caused by the precedent current control signal (this 
5 period will be referred to as a second period hereinaf- 
ter). 

Here, the length of the first period is determined by 
the amount of the wavelength shift and time required for 
the wavelength control system #1 (204) to control the 
10 current source 202, and the length of this period is 
approximately equal to 0.001 to 1 second. The length of 
the second period is determined by the amount of the 
wavelength shift and time required for the temperature 
controller 203 to control the temperature of the DFB-LD 
is module 201 to a set temperature. This length ranges 
from the order of second to the order of minute. The 
amount of the current from the current source 202 
reaches a predetermined value 10 on completion of 
each wavelength shift control. Here, the current 10 is an 
20 injection current at the time when the DFB-LD module 
201 is in its oscillated state. In Fig. 1, the setting of a 
wavelength prior to and subsequent to the wavelength 
shift control is placed at a center of the wavelength- 
changeable range of the DFB-LD which can be attained 
25 by the current control. 

In Fig. 1 , the wavelength shift control for shifting the 
lasing wavelength of the DFB-LD to a longer wavelength 
side is performed three times. In the wavelength shift 
control #1 , the wavelength shift control is started at time 
30 T11 and finished at time T13. The wavelength of the 
DFB-LD module 201 is shifted by XS1 to a longer wave- 
length side by that wavelength shift control #1 . During a 
period from time T11 to time T12, the wavelength con- 
trol system #1 (204) increases the output current of the 
35 current source 202 and shifts the wavelength of the 
DFB-LD module 201 by XS'\ to a longer wavelength 
side. Then, during a period between time T12 and T13, 
the wavelength control system #1 (204) performs the 
current control of gradually decreasing the output cur- 
40 rent of the current source 202 and the temperature con- 
trol of increasing the set temperature of the temperature 
controller 203, simultaneously. The control is conducted 
gradually. As a result, during the period between time 
T12 and time T13, the lasing wavelength of the DFB-LD 
45 module 201 is shifted XS1 to a shorter wavelength side 
by the current control while shifted XSl to a longer 
wavelength side by the temperature control. Resultantly, 
the wavelength is maintained at X$l which is reached 
by the wavelength shift to a longer wavelength side dur- 
so ing the period from time T1 1 to time T12. On completion 
of the wavelength shift control #1, the wavelength is 
shifted by XS1 to a loner wavelength side, the tempera- 
ture of the DFB-LD module 201 is increased and the 
current is returned to the value 10 prior to the control. 
55 The same operation is executed in each of the 
wavelength shift control #2 and the wavelength shift 
control #3, and the wavelength are respectively shifted 
XS2 and X.S3 to a longer wavelength side (here, the 
amount of the wavelength shift obtained in the wave- 
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length shift control #2 is equal to the maximum value 
Mmax of the wavelength shift to a longer wavelength 
side which can be attained by the current control). Time 
required for the wavelength shift control increases as 
the amount of the wavelength shift increases. There- 
fore, since A.S2>XS1>A.S3 in Fig. 1, the following rela- 
tions exist: 

(T22-T21) > (T12-T11) > (T32-T31) and 

(T23-T22) > (T13-T12) > (T33-T32) 

After the wavelength shift control is performed three 
times, the wavelength of the DFB-LD module 201 is 
shifted to a longer wavelength side by the following 
amount: 

5lS1 + XS2 + XS3 

The lasing wavelength of the DFB-LD module 201 
can be changed over a wide wavelength-changeable 
range, which can be obtained by the temperature con- 
trol, by repeating the wavelength shift control. Further, 
the wavelength shift can also be performed in a short 
time in a narrow wavelength-changeable range which 
can be attained by the current control. Namely, the 
wavelength control system #1 (204) shifts the lasing 
wavelength of the DFB-LD in a short time by supplying 
to the current source 202 the current control signal cor- 
responding to a desired amount of the wavelength shift, 
then increases the temperature control signal while 
gradually decreasing the current control signal with the 
lasing wavelength being maintained, and thus maintains 
the wavelength shift. This operation is the same in each 
of the wavelength shift controls #1 to #3. 

In the foregoing/there is described the example for 
shifting the lasing wavelength to a longer wavelength 
side, but the operation is also the same where the wave- 
length is to be shifted to a shorter wavelength side. Fur- 
ther, the operation is the same even when the 
wavelength is to be alternately shifted to a shorter wave- 
length side and to a longer wavelength side. For exam- 
ple, when an instruction for shifting the wavelength by 
XS4 to a shorter wavelength side is given subsequent to 
the wavelength shift control #1 , the wavelength control 
system #1 (204) shifts the wavelength to XS1 to XS4 in 
a short time by supplying the current control signal, 
which causes a decrease of the current to a given cur- 
rent, to the current source 202, and then decreases the 
temperature control signal while gradually increasing 
the current control signal such that the lasing wave- 
length is maintained at the value of XS1 to Also in 
this case, the value of the current from the current 
source 202 to the DFB-LD caused by the current control 
signal at the time of the oscillation at the wavelength 
value of A,S1 to A.S4 is equal to an original value of the 
current from the current source 202 at the time of the 
oscillation at an original wavelength, and the Peltier 
drive current has the amount of a current corresponding 



to the wavelength value of A.S1 to XS4. 

Furthermore, in the above embodiment, though an 
example of the wavelength shift in a short time is 
described using a low-cost single-electrode DFB-LD 
5 module, any ordinary semiconductor laser (LD) can also 
be used by constructing and operating this ordinary LD 
similarly to the above embodiment, if the lasing wave- 
length of this ordinary LD can be changed by the appli- 
cation of a current and the setting of temperature. 

10 

[Second Embodiment] 

A second embodiment of the present invention will 
be described with reference to Fig. 3. 

75 Fig. 3 illustrates the structure of a wavelength- 
changeable light source of the second embodiment. 
The second embodiment is comprised of a single-elec- 
trode DFB-LD module 201 , a current source 202, a tem- 
perature controller 203, a wavelength control system #2 

20 (301), a proportional amplifier 302, an integral amplifier 
#1 (303), an integral amplifier #2 (304), a subtracter 
305, a reference voltage source 306 and an adder 307. 

The DFB-LD module 201, the current source 202 
and the temperature controller 203 are the same as 

25 those of the first embodiment illustrated in Fig. 2. The 
wavelength control system #2 (301) is approximately 
the same as the wavelength control system #1 (204) in 
Fig. 2. While the wavelength control system #1 (204) 
directly controls the current source 202 and the temper- 

30 ature controller 203, the wavelength control system #2 
(301) indirectly controls the current source 202 and the 
temperature controller 203 through an analog arithmetic 
circuit. 

The proportional amplifier 302, the integral ampli- 

35 fier #1 (303), the integral amplifier #2 (304), the sub- 
tracter 305, the reference voltage source 306 and the 
adder 307 constitute the analog arithmetic device of the 
second embodiment, which is a key portion. The pro- 
portional amplifier 302 is an amplifier whose band is 

40 from DC to the order of MHz. The amplification factor of 
the proportional amplifier 302, into which the wave- 
length control signal is input, is set such that the wave- 
length control system #2 (301) can control the 
wavelength of the DFB-LD module 201 to a predeter- 

45 mined value. The integral amplifier #1 (303) is an ampli- 
fier which is designed such that its integration time is in 
the order of 0.1 to 1 second, the wavelength control sig- 
nal is input thereinto and its output comes to have the 
same value as that of the output of the proportional 

so amplifier 302 after the integration time has passed. The 
integral amplifier #2 (304) is an integrator whose inte- 
gration time is the same as that of the integral amplifier 
#1 (303). Its amplification factor is designed such that 
the wavelength control system #2 (301) can control the 

55 wavelength of the DFB-LD module 201 to a predeter- 
mined value. The wavelength control signal is input into 
the integral amplifier #2 (304) and the integral amplifier 
#2 (304) outputs the temperature control signal to the 
temperature controller 203. Further, the subtracter 305 
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subtracts a voltage at its negative (-) input terminal from 
a voltage at its positive (+) input terminal and outputs its 
result. The output of the proportional amplifier 302 is 
input into the positive input terminal of the subtracter 
305 and the output of the integral amplifier #1 (303) is 
input into the negative input terminal of the subtracter 
305. The reference voltage source 306 functions to 
maintain the output current of the current source 202 
above a predetermined current 10. The adder 307 adds 
the outputs of the reference voltage source 306 and the 
subtracter 305, i.e. voltages at its two input terminals, 
and outputs its result to the current source 202 as the 
current control signal. 

In the second embodiment, the controls of the cur- 
rent source 202 and temperature controller 203 during 
the wavelength shift control are not directly performed 
by the wavelength control system while the timing is 
measured, but are performed by the current control sig- 
nal and the temperature control signal which are gener- 
ated from the wavelength control signal from the 
wavelength control system #2 (301) by the analog oper- 
ation in the electric circuit. 

The wavelength control system #2 (301) performs 
the wavelength shift control by increasing (or decreas- 
ing) the wavelength control signal and then maintaining 
its value at a constant value. A case where the wave- 
length control signal is increased and the wavelength is 
shifted to a longer wavelength side will be descrtoed. 

When the wavelength control signal is increased, 
the output of the proportional amplifier 302 increases, 
then the current control signal increases and the wave- 
length of the DFB-LD module 201 shifts to a longer 
wavelength side. Concurrently therewith, the outputs of 
the integral amplifier #1 (303) and the integral amplifier 
#2 (304) gradually increase, the current control signal 
gradually decreases and the temperature control signal 
gradually increases. As a result, the previous shift of the 
wavelength to a longer wavelength side by the current 
control is gradually replaced with the wavelength shift 
by the temperature control. After the integration times of 
the integral amplifier #1 (303) and the integral amplifier 
#2 (304) have passed, the current control signal comes 
to the output voltage of the reference voltage source 
306 and the output current of the current source 202 is 
maintained at 10. On the other hand, the temperature 
control signal is increased by the amount corresponding 
to the wavelength shift. 

Since the wavelength shift control equivalent to the 
operation example in Fig. 1 is executed by the analog 
operation in the second embodiment, a simpler wave- 
length control system can be used. Further, in the sec- 
ond embodiment, there is described the example 
wherein the wavelength control system #2 (301) does 
not monitor the temperature control monitor signal, 
which is different from the first embodiment, but the tem- 
perature control may be more accurately performed by 
conducting monitoring and feedback operation. Either 
temperature control may be adopted. 



[Third Embodiment] 

A third embodiment of the present invention will be 
described with reference to Fig. 4. 
5 In the third embodiment, the wavelength-changea- 
ble light source and the method of controlling the wave- 
length changing established according to the present 
invention are applied to a wavelength control system 
used in a wavelength division multiplexing communica- 
te tion network. 

Fig. 4 illustrates the structure of the third embodi- 
ment of a wavelength-changeable light source. There 
are arranged a single-electrode DFB-LD module 201, a 
current source 202, a temperature controller 203, a 
is wavelength control system #2 (401) and a wavelength- 
placement detecting system 402. The structure other 
than the wavelength control system #3 (401) and the 
wavelength-placement detecting system 402 is the 
same as that of the first embodiment illustrated in Fig. 2. 
20 The wavelength control system #3 (401) adjusts the 
current control signal and the temperature control signal 
on the basis of the wavelength-placement information 
and controls the wavelength of the DFB-LD module 201 . 
The construction of the third embodiment is the same 
25 as that of the first embodiment with the exception that 
an input terminal for the wavelength-placement informa- 
tion is provided and the lasing wavelength of the DFB- 
LD module 201 is controlled on the basis of the wave- 
length-placement information. 
30 The wavelength-placement detecting system 402 
detects the wavelength placement on a transmission 
line in the wavelength division multiplexing communica- 
tion network, and inputs the wavelength-placement 
information into the wavelength control system #3 (401). 
35 The wavelength-placement detecting system 402 can 
be comprised of an optical filter, such as a ftoer Fabry- 
Perot filter, whose transmission wavelength can be con- 
trolled by a voltage control thereto, a control system 
therefor and an optical detecting system, for example. 
40 The wavelength-placement detecting system 402 
sweeps its transmission wavelength when the control 
voltage applied thereto is swept by the wavelength con- 
trol system #3 (401), and detects the wavelength place- 
ment from the placement in time of a train of pulses of 
45 electric signals (corresponding to the placement in 
wavelength of the lasing wavelengths on the transmis- 
sion line) supplied from the optical detecting system. 

Figs. 5A, SB, 5C, 5D, 5E t 5F and 5G respectively 
illustrate the operations of the wavelength control of the 
so third embodiment. Its abscissa indicates the wavelength 
and positions of vertical lines extending along its ordi- 
nate indicate the placement of the wavelengths. A 
series of seven states are shown and the manners of 
control are illustrated in Figs. 5A. 5B, 5C. 5D, 5E, 5F 
55 and 5G. In each operation, the wavelength control by 
the current (the current control) and the wavelength 
control by the temperature (the temperature control) are 
illustrated. In Figs. 5A. 5B, 5C, 5D, 5E. 5F and 5G t XO is 
a wavelength of the wavelength-changeable light 
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source in an optical node which is an object node to be 
described later, XA1 . XA2 and XB are respectively wave- 
lengths of wavelength-changeable light sources in other 
optical nodes which will also be described later and AX 
is a channel interval between adjacent wavelengths in 
the wavelength division multiplexing communication 
network. 

Fig. 6 illustrates the structure of the wavelength 
division multiplexing communication network, in Fig. 6, 
optical nodes 601, 602 and 603, terminal stations 611, 
612 and 613, a star coupler 620 and optical fibers 631 , 
632, 633, 641, 642 and 643 constitute the communica- 
tion network. Each optical node includes an optical 
transmitter 651. an optical receiver and a power divider 
653. The optical transmitter 651 includes the wave- 
length-changeable light source illustrated in Fig. 4. For 
simplicity of illustration, only three nodes are shown in 
Fig. 6, but more terminal stations and optical nodes may 
be arranged in the network of Fig. 6. 

The terminal station 61 1 performs communication 
with another terminal station through the optical node 
601 . An optical signal from the optical transmitter 651 in 
the optical node 601 is sent to the star coupler 620 
through the optical fiber 631, is power-divided into por- 
tions transmitted through the optical fibers 641 , 642 and 
643 and reaches the optical nodes including its own 
optical node 601. The optical signal from the optical 
transmitter 651 is output into the optical fiber 631, and 
the optical signal from the optical fiber 641 is power- 
divided at the power divider 653 and input into the opti- 
cal transmitter 651 and the optical receiver 652. This is 
the same with regard to other terminal stations and opti- 
cal nodes. 

X1, X2 and A3 are wavelengths of wavelength- 
changeable light sources in the optical transmitters 651 
of the optical nodes 601, 602 and 603, respectively. 

In the wavelength division multiplexing communica- 
tion network, only the optical node, which performs 
communication, emits light and uses the wavelength 
range of wavelength multiplexing. To use this wave- 
length range effectively, the wavelength control system 
#3 (401) of the wavelength-changeable light source in 
each optical node detects the wavelength interval 
between its own wavelength and an adjacent wave- 
length thereto by using the wavelength-placement 
detecting system 402, and maintains this wavelength 
interval at AX. When the wavelength interval is meas- 
ured from the adjacent wavelength on a longer wave- 
length side, lasing wavelengths are placed or arranged 
at the interval of AX from a longer wavelength side in the 
order of emission-start times. 

Communication by each terminal station and each 
optical node in the wavelength multiplexing communica- 
tion network illustrated in Fig. 6. particularly an example 
of the control operations of each optical node and the 
lasing wavelength of the wavelength-changeable light 
source (shown in Fig. 4) in the optical transmitter of 
each node, will be described with reference to Figs. 5A, 
5B. 5C, 5D, 5E, 5F and 5G. 



Fig. 5A shows a steady state. It is assumed that 
when the wavelength-changeable light source in the 
optical node, which is the object node to be described, 
starts oscillation, there already exist ten wavelengths 

s (including XA1, XA2 and XB) on the transmission line of 
the optical fibers 641 to 643 at the wavelength interval of 
AX, from a longer wavelength side in the wavelength 
range. This wavelength-changeable optical transmitter 
emits light of an eleventh wavelength (this eleventh 

io wavelength of this wavelength-changeable optical 
transmitter is denoted by XO), and maintains the wave- 
length interval between the eleventh wavelength and 
the adjacent wavelength XA1 at AX. The control for 
maintaining the wavelength interval during the steady 

75 state is performed only by the current control from the 
current source 202 to the DFB-LD module 201 since the 
amount of the wavelength shift is small during the 
steady state. 

Fig. 5B illustrates a state in which the emission of 

20 the wavelength XA1 on a longer wavelength side of the 
wavelength XO is stopped and hence the wavelength of 
XO is being shifted to bring the wavelength interval 
between this wavelength and the wavelength XA2 into 
AX. This wavelength shift is performed during the first 

25 period of the wavelength shift control described in the 
first embodiment or the second embodiment. For exam- 
ple, the wavelength is shifted to a longer wavelength 
side by the current control, such as the current controls 
between times T11 and T12, between times T21 and 

30 T22 and so forth, and the temperature control is con- 
stantly unchanged. 

Fig. 5C shows a quasi-steady state in which the 
second period of the wavelength shift control is started, 
such as the periods between times T12 and T13, 

35 between times T22 and T23 and so forth. The tempera- 
ture is gradually raised and concurrently the current 
value is gradually returned to the original value 10. Since 
the wavelength interval between XO of its own terminal 
station and the wavelength XA2 of the adjacent terminal 

40 station is measured by the wavelength-placement 
detecting system 402, the wavelength control system #3 
(401) can perform the control without knowing details of 
the lasing wavelength characteristics of the DFB-LD 
module 201 relative to the current and the temperature 

45 beforehand. 

The replacement of the current control with the tem- 
perature control will be conducted as follows. The 
detection of the wavelength placement and the wave- 
length control (in this case, the replacement of the cur- 

so rent control with the temperature control) are repeated 
until the current value reaches 10. In each wavelength 
control, the current is decreased by a minute amount Is 
and the set temperature is increased by a minute 
amount Ts. The amount of the wavelength shift of the 

55 DFB-LD module 201 relative to Is is about equal to the 
amount of the wavelength shift of the DFB-LD module 
201 relative to Ts. When the wavelength-placement 
detecting system detects the fact that the wavelength 
interval from the adjacent wavelength becomes narrow, 
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no temperature control is performed and the current is 
decreased by Is by the current control during the next 
wavelength control. Conversely, when the wavelength 
interval from the adjacent wavelength becomes wide, 
no current control is executed and the set temperature 5 
is increased by Ts by the temperature control during the 
next wavelength control. 

Fig. 5D again illustrates the steady state in which 
the lasing wavelength of the optical transmitter in each 
node is stably maintained, such as the periods between 10 
times T13 and T21 , between times T23 and T31 and so 
forth in Fig. 1 . The situation is the same as that of Fig. 
5A except that the adjacent wavelength is XA2 and the 
lasing wavelength of its own terminal station is a tenth 
wavelength. In this state, the wavelength interval from is 
the adjacent wavelength on a longer wavelength side is 
maintained at AX by the current control. 

Fig. 5E shows a state in which the oscillation at XB 
on a longer wavelength side of XA2 is stopped and the 
wavelength XA2 is being shifted to a longer wavelength 20 
side. Hence, this is the state in which the wavelength of 
XO is also being shifted to a longer wavelength side 
such that the wavelength interval from 7.A2 is brought to 
A3.. This wavelength shift is conducted during the first 
period in the wavelength shift control. Namely, the opti- 25 
cal transmitters in the respective optical nodes, whose 
lasing wavelengths are respectively XO and A.A2, shift 
their wavelengths to a longer wavelength side by the 
current control, and maintain the temperature control 
constantly. 30 

Fig. 5F shows the quasi-steady state in which the 
optical transmitters in the respective nodes, whose las- 
ing wavelengths are respectively XO and XA2, gradually 
increase their temperatures and concurrently gradually 
return their current values to the original value 10. The 35 
wavelength changing control operation of the optical 
transmitter in each optical node is the same as the 
steady state of Fig. 5C except that their wavelengths are 
respectively eighth and ninth wavelengths, and a minute 
wavelength control is maintained by the current control. 40 

Fig. 5G illustrates the steady state in which the 
operation is performed by the current control such that 
the wavelength interval between the lasing wavelength 
of the optical transmitter in each node and its adjacent 
wavelength is maintained at the wavelength interval of 45 
AX., similarly to the cases illustrated in Figs. 5A and 5D. 

Since the wavelength interval AX is approximately 
0.04 nm and the ratio of a change in the wavelength rel- 
ative to the current of the DFB-LD module is approxi- 
mately 0.008 nm/mA, for example, the wavelength shifts so 
in Figs. 5B and 5E can be achieved by the current which 
is sufficiently obtained by the current control. Therefore, 
time required for the wavelength shift can be shortened, 
and the period of a state having the wavelength interval 
longer than AA. can be shortened. Further, the varied ss 
current is returned to the original value during the 
steady state, so that the apparatus can respond to a 
next wavelength shift promptly. 

Further, the ratio of a change in the wavelength rel- 



ative to the temperature of the DFB-LD module is about 
0.08 nm/°C. Since the temperature can be certainly 
changed over a range of about 20°C, the wavelength- 
changeable range of about 1.6 nm can be obtained by 
the temperature control. 

When the wavelength-changeable light source of 
the present invention is used in the above wavelength 
control system, the wavelength division multiplexing 
communication network with about 40 (forty) channels 
can be built without using a high-cost multi-electrode 
wavelength-changeable LD. 

[Other Embodiments] 

In the above embodiments, a single-electrode DFB- 
LD module is used as the LD of the wavelength-change- 
able light source, but it is possible to use other LDs 
whose temperature can be changed. For example, 
"Heaters On Passive Region Employed (HOPE) DBR- 
LD" (Japanese Academy of Electronics Information 
Communications, Autumnal Meeting, 1992, Lecture No. 
C-149) can be used. This LD is a DBR-LD having a 
heater electrode formed in its wavelength control 
region. 

In the above description, explanation is made by 
stating that the current value 10 before and after the 
wavelength shift control is constant, but it is possible to 
change this 10 depending on the situation of the temper- 
ature control. For example, it is possible to perform a 
control method in which the current value 10 is 
increased as the temperature increases in order to 
maintain the light output of the DFB-LD module at a 
constant intensity. 

In the above description, the DFB-LD module has 
characteristics that the wavelength shifts to a longer 
wavelength side as the current increases and as the 
temperature rises, but the present invention can be 
practiced by using the LD with another characteristic. 

In the first embodiment, explanation is made by 
stating that the lasing wavelength before and after the 
wavelength shift control is set at a center of the wave- 
length-changeable range which can be obtained by the 
current but this lasing wavelength may be set at any 
place in the wavelength-changeable range. For exam- 
ple, where the wavelength-changeable light source of 
the present invention is used in a wavelength control 
system in which the wavelength is shifted exclusively to 
a longer wavelength side, the lasing wavelength before 
and after the wavelength shift control can be set at a 
shortest wavelength edge of the wavelength-changea- 
ble range attainable by the current control to widen a 
wavelength range over which the lasing wavelength can 
be speedily shifted. 

In the first embodiment, the period (the first period) 
of the wavelength shift by the current control is clearly 
separated from the period (the second period) of the 
replacement of the current control by the temperature 
control, but it is possible to adopt a control system in 
which those periods are not clearly separated from 
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each other. Specifically, it is possible to adopt a control 
system in which the first period of a next wavelength 
shift control is started during the second period of a 
precedent wavelength shift control. 

In the third embodiment, the lasing wavelengths of s 
the wavelength division multiplexing communication 
network are placed from a longest wavelength edge to a 
shorter wavelength side of the wavelength range, but 
another method of the wavelength placement can be 
used. For example, the wavelengths can be placed from 10 
a shortest wavelength edge of the wavelength range. 

Further, in the above embodiment, the first embod- 
iment is used as the wavelength-changeable light 
source, but the wavelength-changeable light source of 
the second embodiment can be used similarly. is 

As described in the foregoing, according to the 
present invention, it is possible to provide a low-cost 
wavelength-changeable light source with a short 
response time and a wide wavelength-changeable 
range. Further, according to the control method of the 20 
wavelength-changeable light source, the wavelength 
shift control by the current control, in which the wave- 
length can be changed in a short time, is combined with 
the wavelength shift control executed by the tempera- 
ture control to cancel the current control, and data com- 25 
munication can be performed among many terminal 
stations in a wavelength division multiplexing communi- 
cation network system with a low-cost construction. 

In a wavelength-changeable light source of the 
present invention, a wavelength control is performed 30 
using a plurality of control systems when the wave- 
length of a laser, particularly a semiconductor laser, is to 
be controlled. Wavelength control characteristics of the 
respective control systems are different from each 
other, and the wavelength control can be flexibly carried 35 
out by combining those characteristics. Specifically, one 
of the plural control systems is a current control unit for 
controlling a current supplied to the semiconductor laser 
and another thereof is a temperature control unit for 
controlling temperature of the semiconductor laser. In 40 
the structure, the wavelength shift with a speedy 
response time, which can be attained in a wavelength- 
changeable range obtainable by the current control, can 
be carried out over a wide wavelength-changeable 
range obtainable by the temperature control. 45 

Claims 

1 . A wavelength-changeable light source comprising: 

so 

a laser; 

first control means for continuously controlling 
a lasing wavelength of said laser with a short 
response time: and 

second control means for continuously control- ss 
ling the lasing wavelength of said laser with a 
response time which is longer than the 
response time of the wavelength control exe- 
cuted by said first control means, wherein said 



second control means controls the lasing 
wavelength so as to change the lasing wave- 
length. 

2. A wavelength-changeable light source according to 
claim 1 , wherein said second control means per- 
forms such a control that the amount of a change in 
the lasing wavelength executed by said first control 
means is replaced by the amount of a change in the 
lasing wavelength executed by said second control 
means. 

3. A wavelength-changeable light source according to 
claim 1 , wherein said laser comprises a semicon- 
ductor laser. 

4. A wavelength-changeable light source according to 
claim 3, wherein said first control means comprises 
current control means for controlling a current sup- 
plied to said semiconductor laser. 

5. A wavelength-changeable light source according to 
claim 3, wherein said second means comprises 
temperature control means for controlling tempera- 
ture of said semiconductor laser. 

6. A wavelength-changeable light source according to 
claim 3, wherein said first control means comprises 
current control means for controlling a current sup- 
plied to said semiconductor laser, and said second 
means comprises temperature control means for 
controlling temperature of said semiconductor 
laser. 

7. A wavelength-changeable light source according to 
claim 1, further comprising an analog arithmetic cir- 
cuit for controlling said first control means and said 
second control means. 

8. A wavelength-changeable light source according to 
claim 1, further comprising wavelength-placement 
detecting means for detecting placement of wave- 
lengths on a transmission line to which output light 
of said laser is output, and wherein said first control 
means and said second control means perform 
controls on the basis of wavelength-placement 
information obtained from said wavelength-place- 
ment detecting means, respectively. 

9. A wavelength-changeable light source comprising: 

a semiconductor laser; 

current control means for continuously control- 
ling a lasing wavelength of said semiconductor 
laser by controlling a current supplied to said 
semiconductor laser; and 
temperature control means for continuously 
controlling the lasing wavelength of said semi- 
conductor laser by controlling temperature of 
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said semiconductor laser, wherein said temper- 
ature control means controls the temperature 
so as to change the lasing wavelength. 

1 0. A wavelength-changeable light source according to s 
claim 9, wherein said temperature control means 
performs such a control that the amount of a 
change in the lasing wavelength executed by said 
current control means is replaced by the amount of 

a change in the lasing wavelength executed by said to 
temperature control means. 

1 1 . A wavelength-changeable light source according to 
claim 9, further comprising an analog arithmetic cir- 
cuit for controlling said current control means and 15 
said temperature control means. 

12. A wavelength-changeable light source according to 
claim 9, further comprising wavelength-placement 
detecting means for detecting placement of wave- 20 
lengths on a transmission line to which output light 

of said laser is output, and wherein said current 
control means and said temperature control means 
perform controls on the basis of wavelength-place- 
ment information obtained from said wavelength- 25 
placement detecting means, respectively. 

13. A wavelength-changeable light source comprising: 

a semiconductor laser; 3° 
current control means for continuously control- 
ling a lasing wavelength of said semiconductor 
laser by controlling a current supplied to said 
semiconductor laser; and 

temperature control means for continuously 35 
controlling the lasing wavelength of said semi- 
conductor laser by controlling temperature of 
said semiconductor laser, said temperature 
control means performing such a control that 
the amount of a change in the lasing wave- 40 
length executed by the control of Said current 
control means is replaced by the amount of a 
change in the lasing wavelength executed by 
the control of said temperature control means. 

45 

14. A wavelength-changeable light source according to 
claim 13, further comprising an analog arithmetic 
circuit for controlling said current control means and 
said temperature control means. 

50 

15. A wavelength-changeable light source according to 
claim 13, further comprising wavelength-placement 
detecting means for detecting placement of wave- 
lengths on a transmission line to which output light 

of said laser is output, and wherein said current ss 
control means and said temperature control means 
perform controls on the basis of wavelength-place- 
ment information obtained from said wavelength- 
placement detecting means, respectively 



16. An optical communication network for performing 
communication by using light, said network com- 
prising: 

a transmission line for transmitting light there- 
through; and 

a wavelength-changeable light source for out- 
putting light to said transmission line, said light 
source including: 

a laser; 

first control means for continuously con- 
trolling a lasing wavelength of said laser 
with a short response time; and 
second control means for continuously 
controlling the lasing wavelength of said 
laser with a response time which is longer 
than the response time of the wavelength 
control executed by said first control 
means, wherein said second control 
means controls the lasing wavelength so 
as to change the lasing wavelength. 

17. An optical communication network according to 
claim 16, wherein said wavelength-changeable light 
source further includes wavelength-placement 
detecting means for detecting placement of wave- 
lengths on said transmission line, and wherein said 
first control means and said second control means 
perform controls on the basis of wavelength-place- 
ment information obtained from said wavelength- 
placement detecting means, respectively. 

18. An optical communication network according to 
claim 17, wherein said first and second control 
means perform such a control that an interval 
between a wavelength adjacent to the wavelength 
of output light of said laser in the wavelength place- 
ment on said transmission line and the wavelength 
of the output light of said laser is maintained at a 
predetermined interval. 

19. An optical communication network for performing 
communication by using light, said network com- 
prising: 

a transmission line for transmitting light there- 
through; and 

a wavelength-changeable light source for out- 
putting light to said transmission line, said light 
source including: 

a semiconductor laser; 
current control means for continuously 
controlling a lasing wavelength of said 
semiconductor laser by controlling a cur- 
rent supplied to said semiconductor laser; 
and 

terrperature control means for continu- 
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22 



oufely controlling the lasing wavelength of 
said semiconductor laser by controlling 
temperature of said semiconductor laser, 
wherein said temperature control means 
controls the temperature so as to change 5 
the lasing wavelength. 

20. An optical communication network according to 
claim 19, wherein said wavelength-changeable light 
source further includes wavelength-placement 10 
detecting means for detecting placement of wave- 
lengths on said transmission line, and wherein said 
current control means and said temperature control 
means perform controls on the basis of wavelength- 
placement information obtained from said wave- 15 
length-placement detecting means, respectively. 

21. An optical communication network according to 
claim 20, wherein said current control means and 
said temperature control means perform such a 20 
control that an interval between a wavelength adja- 
cent to the wavelength of output fight of said laser in 

the wavelength placement on said transmission line 
and the wavelength of the output light of said laser 
is maintained at a predetermined interval. 25 

22. An optical communication network for performing 
communication by using light, said network com- 
prising: 

30 

a transmission line for transmitting light there- 
through; and 

a wavelength-changeable light source for out- 
putting light to said transmission line, said light 
source including: 35 

a semiconductor laser; 

current control means for continuously 

controlling a lasing wavelength of said 

semiconductor laser by controlling a cur- 40 

rent supplied to said semiconductor laser; 

and 

temperature control means for continu- 
ously controlling the lasing wavelength of 
said semiconductor laser by controlling 45 
temperature of said semiconductor laser, 
said temperature control means perform- 
ing such a control that the amount of a 
change in the lasing wavelength executed 
by the control of said current control so 
means is replaced by the amount of a 
change in the lasing wavelength executed 
by the control of said temperature control 
means. 

55 

23. An optical communication network according to 
claim 22, wherein said wavelength-changeable light 
source further includes wavelength-placement 
detecting means for detecting placement of wave- 



lengths on said transmission line, and wherein said 
current control means and said temperature control 
means perform controls on the basis of wavelength- 
placement information obtained from said wave- 
length-placement detecting means, respectively. 

24. An optical communication network according to 
claim 23, wherein said current control means and 
said temperature control means perform such a 
control that an interval between a wavelength adja- 
cent to the wavelength of output light of said laser in 
the wavelength placement on said transmission tine 
and the wavelength of the output light of said laser 
is maintained at a predetermined interval. 

25. A wavelength control method for controlling a wave- 
length of output light from a semiconductor laser, 
said method comprising the steps of: 

controlling a current supplied to the semicon- 
ductor laser to continuously change the wave- 
length of the output light; and 
continuously controlling temperature of the 
semiconductor laser to replace the amount of a 
change in the wavelength executed by the cur- 
rent control with the amount of a change in the 
wavelength executed by the temperature con- 
trol. 

26. A wavelength control method according to claim 25, 
wherein the change in the wavelength executed by 
the current control is a predetermined amount of a 
change in the wavelength. 
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© Frequency stabilization method of semiconductor laser, frequency-stabilized light source and laser 
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© A frequency stabilization method of a semiconductor laser is provided. A driving current, a forward voltage 
and an output light power of the laser mounted on a heat sink is detected. A temperature of the heat sink is also 
detected. A consumption power of the laser is obtained from the driving current and voltage thus detected, 
providing a relationship between the output light power and the consumption power. The driving current is 
controlled so that the output light power is kept constant, and the temperature of the heat sink is controlled 
based on the relationship so that a temperature of an active layer of the laser is maintained. The output light 
power is kept constant and at the same time, any temperature change of the active layer is cancelled through 
the temperature control of the heat sink. Even if the consumption power changes due to an leakage current 
and/or a recombination current without luminescence to maintain the output light power during long time 
operation, the temperature of the active layer is maintained by cancelling the consumption power change 
through the temperature control of the heat sink. Thus, the oscillation frequency of the semiconductor laser can 

CN| be stabilized at a given value. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a semiconductor laser and more particularly, to a frequency stabiliza- 

tion method of a semiconductor laser, a frequency-stabilized light source and a semiconductor laser module 
used for the method. 

2. Description of the prior art 

70 

A conventional frequency stabilization method of a semiconductor laser is disclosed in the IEEE Journal 
of Quantum Electronics, Vol. 28, No. 1, Page 75, January 1992, in which an oscillation frequency of the 
laser is stabilized at an absorption line frequency of acetylene. Fig. 1 shows a functional block diagram of 
the conventional frequency stabilization method. 

75 In Fig. 1, the ambient temperature of a semiconductor laser 701 is kept constant by a temperature 
controller 702. A DC power supply 709 supplies a driving current to the laser 701. The driving current is 
slightly modulated in frequency by a modulation signal outputted from an oscillator 703, resulting in 
frequency-modulated output light beams of the laser 701 . 

One of the output light beams of the laser 701 is emitted from a side face of the laser 701 and used for 

20 a given application. The other of the output light beams of the laser 701 is emitted from its opposite side 
face and goes through an optical lens system 708 to be injected into an acetylene (C 2 H 2 ) gas cell 704. The 
light beam transmitted through the acetylene gas cell 704 is detected by a photodetector 705 to produce an 
electrical output signal. The electrical output signal is inputted into an lock-in amplifier 706 to be detected 
synchronously with the modulation frequency from the oscillator 703. 

25 The lock-in amplifier 706 produces an electrical output signal proportional to a difference or error 
between the oscillation frequency of the laser 701 and one of absorption peak frequencies of acetylene in 
the cell 704. The electrical output signal from the amplifier 706 is fed-back to the driving current through a 
PID controller 707 in which a Proportional, Integral and Differential (PID) controlling method is employed. 
Thus, the laser 701 is controlled so that its, oscillation frequency is kept to be in accordance with the 

30 absorption peak frequency of acetylene. 

Due to high stability in the absorption peak frequency, the oscillation frequency of the semiconductor 
laser 701 can be highly stabilized or locked. 

With the conventional frequency stabilization method shown in Fig. 1, to obtain the difference or error 
between the oscillation frequency and the absorption peak frequency, the gas cell 704 and the lock-in 

35 amplifier 706 are required, and the driving current is modulated in frequency to be injected into the laser 
701. As a result, there arises disadvantages that large-sized and expensive setups or apparatuses are 
necessary for carrying out the method and no unmodulated output light beam can be obtained. 

In the case of stabilizing the optical output power of the laser 701 during operation, there is another 
disadvantage that another photodetector is necessary in addition to the photodetector 705. 

40 Further, there is still another disadvantage that stabilizable oscillation frequencies are restricted to the 
absorption peak frequencies of the gas in the cell 704, so that any or arbitrary oscillation frequencies cannot 
be selected. 

Another conventional frequency stabilization method of a semiconductor laser is disclosed in the 
Japanese Non-Examined Patent Publication No. 64-74780, March 1989, in which a semiconductor laser 
45 temperature is detected from a forward voltage of the laser to keep the temperature constant. Fig. 2 shows 
a functional block diagram of the conventional frequency stabilization method. 

In Fig. 2, a semiconductor laser 803 and a Peltier element 802 which generates and absorbs heat are 
arranged in a thermostatic bath 801. The laser 803. is driven by a constant current supplied from a DC 
current source 804. A differential amplifier 805 detects between input terminals or electrodes of the laser 
so 803 its forward voltage drop V f , and sends an electrical output signal proportional the voltage drop V, to a 
temperature controller 806. 

In response to the output signal from the amplifier 805, the controller 806 increases or decreases a 
driving current for the Peltier element 801 to thereby keep the temperature of the laser 803 constant. 

In general, the forward voltage drop V f of the semiconductor laser 803 is expressed as 

55 



2 



rosier a? r 



EP 0 618 653 A2 



V. ±- CD 



e 'T 



where lo is the forward saturation current, I, is a driving or exciting current. T is the absolute temperature of 
the laser 803, e is the charge of an electron and k is the Boltzmann's constant. 

To be seen from the equation (1), the forward voltage drop V, is inversely proportional to the absolute 
temperature T. Thus, the absolute temperature T of the laser 803 can be exactly measured from the voltage 

dr ° P The differential amplifier 805 produces an output signal relating to the absolute temperature T from the 
detected voltage drop V, and sends the signal to the temperature controller 806. In response to the signal, 
the controller 806 controls to keep the temperature of the laser 803 constant. 

The oscillation frequency of the semiconductor laser 803 is decided by the absolute temperature T and 
driving current l„ so that it can be seen that the oscillation frequency is stabilized if both of them are kept 

constant. „ . . 

With the another conventional frequency stabilization method shown in Fig. 2. an error tends to arise in 
detection of the absolute temperature T through the differential amplifier 805 because the laser 803 has an 
leakage current and a recombination current without luminescence both of which increase with the passage 
of time providing fluctuation or deviation in the absolute temperature T and driving current I,. 

As 'a result, there arises a disadvantage that the output light power and oscillation frequency of the laser 
803 deviate from the given values, respectively. 

In addition to the above methods, still another conventional frequency stabilization method of a 
semiconductor laser is disclosed in the Japanese Non-Examined Patent Publication No. 1-238083. Septem- 
ber 1989. In the method, similar to the conventional method shown in Fig. 2, absorption peak frequences of 
a gas is used. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a frequency stabilization method of a semiconductor 
laser and a frequency-stabilized light source in which only a simple, compact and low-cost setup is 

necessary. , 

A further object of the present invention is to provide a frequency stabilization method of a semiconduc- 
tor laser and a frequency-stabilized light source in which an output light power and an oscillation frequency 
of the semiconductor laser can be maintained even if the laser operates for a long period of time. 

Another object of the present invention is to provide a frequency stabilization method of a semiconduc- 
tor laser and a frequency-stabilized light source in which unmodulated light output can be obtained. 

Still another object of the present invention is to provide a frequency stabilization method of a 
semiconductor laser and a frequency-stabilized light source in which both of the oscillation frequency and 
the output light power of the laser can be stabilized. 

Still another object of the present invention is to provide a frequency-stabilized semiconductor laser 
module which enables the semiconductor laser to operate stably. 

According to a first aspect of the present invention, a frequency stabilization method of a semiconductor 
laser is provided, which includes the steps of detecting an output light power of a semiconductor laser 
mounted on the heat sink, obtaining a consumption power of the laser, obtaining a relationship between the 
output light power and the consumption power, detecting a temperature of the heat sink, controll.ng a 
driving current for the laser so that the output light power is kept constant, and controlling the temperature 
of the heat sink based on the relationship so that a temperature of an active layer of the laser is maintained. 

With the frequency stabilization method of the semiconductor laser according to the first aspect, the 
output light power is kept constant and at the same time, any temperature change of the active layer is 
cancelled through the temperature control of the heat sink. Therefore, even if the consumption power 
changes due to an leakage current and/or a recombination current without luminescence in order to 
maintain the output light power during long time operation, the temperature of the active layer is ma.nta.ned 
by cancelling the consumption power change through the temperature control of the-*eat sink. 
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As a result, the oscillation frequency of the semiconductor laser can be stabilized at a given value for a 
long time operation, which means no oscillation frequency drift. Additionally, the output light power also can 
be maintained. 

Further, since no gas cell and no synchronous detection means are required, only a simple, compact 
5 and low-cost setup is sufficient for the method. 

According to a second aspect of the present invention, a frequency-stabilized light source is provided, 
which enables the method of the first aspect to be carried out. 

The light source includes a current detector for detecting a light power detector for detecting an output 
light power of a laser mounted on a heat sink, a light power detector for detecting an output light power of a 
10 semiconductor laser mounted on a heat sink, a first operator for obtaining a consumption power of the laser, 
a second operator for obtaining a relationship between the output light power and the consumption power, a 
temperature detector for detecting a temperature of the heat sink, a first controller for controlling the driving 
current so that the output light power is kept constant, and a second controller for controlling the 
temperature of the heat sink based on the relationship so that a temperature of an active layer of said laser 
75 is maintained. 

With the frequency-stabilized light source according to the second aspect, the frequency stabilization 
method of the first aspect is carried out, so that the same effects or advantages as those in the first aspect 
can be obtained. 

According to a third aspect of the present invention, a frequency stabilization method of a semiconduc- 
20 tor laser is provided, which includes the steps of injecting an output light beam from a semiconductor laser 
into an optical resonator, modulating a temperature of the optical resonator by a modulation signal, 
detecting a transmitted light beam through the optical resonator to produce a first output signal, synchro- 
nously detecting the first output signal with the modulation frequency to produce a second output signal, 
controlling an oscillation frequency of the semiconductor laser to keep the frequency at a given value using 
25 the second output signal as a signal showing an error in the oscillation frequency. 

With the frequency stabilization method of a semiconductor laser according to the third aspect, no gas 
cell is required, so that only a simple, compact and low-cost setup is sufficient for the method. 

Since the output light beam from the semiconductor laser itself is not modulated and the temperature of 
the optical resonator is modulated, an unmodulated output light beam can be obtained easily. 
30 According to a fourth aspect of the present invention, a frequency-stabilized light source is provided, 
which enables the method of the third aspect to be carried out. 

The light source includes a semiconductor laser emitting an output light beam, an optical resonator into 
which the output light beam is injected, a modulator for modulating a temperature of the optical resonator 
by a modulation signal, a detector for detecting a transmitted light beam through the optical resonator to 
35 produce a first output signal, a synchronous detector for synchronously detecting the first output signal with 
the modulation frequency to produce a second output signal, a controller for controlling an oscillation 
frequency of the semiconductor laser to keep the frequency at a given value using the second output signal 
as a signal showing an error in the oscillation frequency. 

With the frequency-stabilized light source according to the fourth aspect, the frequency stabilization 
40 method of the third aspect is carried out, so that the same effects or advantages as those in the third 
aspect can be obtained. 

According to a fifth aspect of the present invention, a frequency stabilization method of a semiconductor 
laser is provided, which includes the steps of injecting an output light beam from a semiconductor laser into 
an optical resonator to produce a transmitted light having a peak frequency of the optical resonator, 
45 detecting the transmitted light beam having the peak frequency to produce an output signal about a 
detected power of the transmitted light beam, controlling the power of the transmitted light beam to be kept 
constant based on the output signal, and controlling an oscillation frequency of the semiconductor laser to 
be in accordance with the peak frequency. 

With the frequency stabilization method of a semiconductor laser according to the fifth aspect, no gas 
so cell is required, so that only a simple, compact and low-cost setup is sufficient for the method. 

Since the power of the transmitted light beam is controlled to be kept constant and at the same time, 
the oscillation frequency of the laser is controlled to be in accordance with the peak frequency, both of the 
oscillation frequency and the output light power of the laser can be stabilized. 

According to a sixth aspect of the present invention, a frequency-stabilized light source is provided, 
55 which enables the method of the fifth aspect to be carried out. 

The light source includes a semiconductor laser emitting an output light beam, an optical resonator into 
which the output light beam is injected, the resonator producing a transmitted light beam and having a peak 
frequency of the transmitted light beam, a detector for detecting the transmitted light beam to produce an 
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output signal about a detected power of the transmitted light beam, a first controller for controlling the 
power of the transmitted light beam to be kept constant based on the output signal, and a second controller 
for controlling an oscillation frequency of the semiconductor laser to be in accordance with the peak 

frequency. , L .... , » 

With the frequency-stabilized light source according to the sixth aspect, the frequency stabilization 
-method of the fifth aspect is carried out, so that the same effects or advantages as those in the fifth aspect 
can be obtained. 

According to a seventh aspect of the present invention, a frequency-stabilized semiconductor laser 
module which can carry out the method of the third and fifth aspects is provided. 

The module includes a first heat sink whose temperature is controllable, a semiconductor laser mounted 
on the first heat sink, the semiconductor laser emitting an output light beam, a second heat sink whose 
temperature is controllable, an optical resonator mounted on the second heat sink, the output light beam 
being injected into the optical resonator to emit a transmitted light beam from the optical resonator, a 
detector for receiving the transmitted light beam to detect a power of the transmitted light beam, and a 
75 package for incorporating the first heat sink, the semiconductor laser, the second heat sink, the optical 
resonator and the detector. 

With the frequency-stabilized semiconductor laser module according to the seventh aspect, the first 
heat sink, the semiconductor laser, the second heat sink, the optical resonator and the detector are 
incorporated in the package, so that the semiconductor laser can operate stably. 
20 Additionally, because the first heat sink for the laser and the second heat sink for the optical resonator 

are separated, the temperatures of the first and second heat sinks can be set independently. As a result, 
there is an advantage that the peak frequency of the optical resonator and the oscillation frequency of the 
laser can be minutely adjusted independently with each other. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a functional block diagram showing a conventional frequency stabilization method of a 

semiconductor laser. . 

Fig. 2 is a functional block diagram showing another conventional frequency stabilization method of a 

30 semiconductor laser. 

Fig. 3 is a functional block diagram of a frequency-stabilized light source according to a first 
embodiment of the present invention. 

Fig. 3A schematically shows a cross section of a semiconductor laser used in the light source shown in 

35 Fig. 4 is a functional block diagram of a frequency-stabilized light source according to a second 
embodiment of the present invention. 

Fig. 5 is a functional block diagram of a frequency-stabilized light source according to a third 
embodiment of the present invention. 

Fig. 6 is a functional block diagram of a frequency-stabilized light source according to a fourth 
40 embodiment of the present invention. 

Fig. 7 is a functional block diagram of a frequency-stabilized light source according to a fifth 

embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will be described below while referring to the drawings 
attached. 
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[First Embodiment] 



In Fig. 3, which shows a frequency-stabilized light source according to a first embodiment, a 
semiconductor laser 101 is mounted on a heat sink 103 through a subcarrier 103a. A photo-detector 115 
fixed on the heat sink 103 receives an output light beam of the laser 101 to detect its power and outputs an 
electrical signal corresponding to the detected power P to a first subtractor 111. 
55 The first subtractor 111 produces by subtraction a difference between the detected power P and the 
predetermined reference power P 0 and outputs an electrical signal corresponding to the power difference 
thus produced to a current controller 102. In response to this signal, the current controller 102 controls to 
increase or decrease a driving current for the laser 101 in order to keep or stabilize the power of the output 
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light beam at Po. 

A current detector 113 is arranged in a current path between the current controller 102 and the laser 
101 to detect the driving current The current detector 113 outputs an electric signal corresponding to the 
driving current thus detected to a temperature controller 106. Thus, the driving current is always monitored 
5 by the temperature controller 106 during operation. 

A voltage detector 114 is electrically connected between input terminals of the laser 101 to detect the 
voltage therebetween. The voltage detector 114 outputs an electric signal corresponding to the inter- 
terminal voltage thus detected to the temperature controller 106. Thus, the forward voltage of the laser 101 
is always monitored by the temperature controller during operation. 
w The temperature controller 106 carries out a mathematical operation to get the consumption power of 
t he laser 101 based on the output signals from the current and voltage detectors 113 and 114. Then, the 
controller 106 increases or decreases the reference temperature T 0 of the heat sink 103 based on the result 
of the operation and sends an electric signal corresponding to the reference temperature To to a second 
subtractor 112. 

75 A temperature detector 104 fixed on the heat sink 103 detects the temperature of the heat sink 103. 

The detector 104 produces an electric signal corresponding to the detected temperature T to send the 

signal to the second subtractor 1 1 2. 

The second subtractor 112 produces by subtraction a difference between the detected temperature T 

and the reference temperature T 0 and outputs an electrical signal corresponding to the temperature 
20 difference thus produced to a heat sink controller 105. In response to this signal, the heat sink controller 

105 increases or decreases the temperature of the heat sink 103 in order to keep or stabilize the 

temperature at To- 

The temperature control by the heat sink controller 105 is carried out using Peltier elements 110 
attached to the heat sink 103. Since the Peltier elements 110 generate or absorb heat depending upon its 
25 driving current, the temperature of the heat sink 103 can be increased or decreased precisely by the 
elements 110. 

Fig. 3A shows a cross section of the semiconductor laser 101 used in the light source shown in Fig. 3. 
In Fig. 3A, on the surface of a semiconductor substrate 101a, a strip portion formed of an active layer 101c 
and upper and lower cladding layers 101d and 101b respectively disposed on upper and lower sides of the 
30 active layer 101c. The strip portion is bounded on its each side by a pair of burying layers 101e formed on 
the surface of the substrate 101a. 

A pair of insulator layers 101f are formed on the surfaces of the pair of the burying layers 101e, 
respectively. An upper electrode or terminal 101g is formed on the surfaces of the insulator layers 101f and 
the upper cladding layer 101d. A lower electrode or terminal 101h is formed on the back surface of the 
35 substrate 101a. The laser 101 is fixed to the subcarrier 103a through the lower electrode 101h. 

The pair of the burying layers 101e act as current blocking layers for narrowing the driving current path. 
The current detector 113 is electrically connected to the upper electrode 101g and the voltage detector 
114 is electrically connected to the upper and lower electrodes 101g and 101h. 

Next, the frequency stabilization operation of the semiconductor laser 101 is described below. 
40 The semiconductor laser 101 tends to show a drift or deviation in oscillation frequency in a long period 
of time when the driving current is controlled so that the output light power of the laser 101 is kept constant 
and at the same time, the controlling current for the Peltier elements 110 is controlled so that the 
temperature of the heat sink 1 03 is kept constant. 

It is considered that the drift or deviation in oscillation frequency is caused by change in percentage 
45 which contributes the laser oscillation within the total driving current injected into the laser 101. The change 
in percentage contributing laser oscillation is considered to be caused by (a) increase in leakage current 
due to deterioration of the current blocking layers or the pair of the burying layers 101e, and by (b) increase 
in recombination current without luminescence due to deterioration of the active layer 101c. 

For example, when both or the output light power and the temperature are kept constant, the driving 
so current percentage contributing laser oscillation tends to decrease, and the driving current increases to 
compensate the percentage decrease. Thus, the temperature or the active layer 101c rises in response to 
the increase in the driving current and as a result, the oscillation frequency of the laser 101 will drift toward 
the lower frequency side. 

The drift Af of the oscillation frequency can be expressed as follows: 
55 It is hardly considered that because an optical loss within the semiconductor laser 101 changes during 

operation in the long period of time, the carrier density in the laser 101 is kept substantially constant during 
operation and as a result, the oscillation frequency is not affected by the optical loss. Therefore, it is 
considered that the frequency change or drift Af is caused by the temperature change AT of the active 
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layer 101c. 

Under the first order approximation, the frequency change Af can be expressed as 
Af = # -AT (2) 

The equation (2) means that the frequency change Af is zero if the temperature of the active layer 101c 
is constant, that is, the temperature difference AT is zero. 

The temperature of the semiconductor laser 101 can be controlled to be kept constant by the heat sink 
controller 105, however, there arises a temperature difference between the active layer 101c and the heat 
io sink 103 because of heat resistance between the active layer 101c and the temperature detector 104 when 
the consumption power of the laser 101 changes. 

The temperature change AT of the active layer 101c is expressed as 
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AT = 0-AW + ATo (3) 



where AW is the consumption power change of the active layer 101c, e is the heat resistance between the 
active layer 101c and the temperature detector 104 and ATo is the change of the reference temperature of 
the heat sink 103. 

Consequently, it is seen that the temperature change ATo canbe cancelled if the following equation (4) 
20 is established, resulting in a stabilized oscillation frequency. 

ATo = -fl-AW (4) 

Here, the total driving current i t and the forward voltage v between the input electrodes 101g and 101h 
25 can be expressed as the following equations (5a) and (5b) using the initial, total driving current i t0 . the initial 
forward voltage v 0 , the change Ai t of the total driving current i t ,and the change Av of the forward voltage. 

i t = i t0 + Ai, (5a) 
30 V = V 0 + AV (5b) 

From the equations (5a) and (5b), the consumption power change AW of the active layer 101c can be 
expressed as 
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The reference temperature T 0 of the heat sink 103 is controlled by the heat sink controller 105 so that 
the consumption power change AW expressed by the equation (6) is cancelled. 

The temperature controller 106 calculates in value the consumption power change AW using the 
equations (4) and (6) based on the electric signals from the currents and voltage detectors 113 and 114. 
Then, the controller 106 adjusts in value the reference temperature To to cancel the calculated value of the 
consumption power change AW. 

As described above, with the light source according to the first embodiment, the current controller 102 
controls the driving current for the semiconductor laser 101 so that the output light power of the laser 101 is 
kept constant, and at the same time, the temperature controller 106 and the heat sink controller 105 control 
the reference temperature T 0 of the heat sink 103 so that the temperature change of the active layer 101c 
is cancelled 

As a result, the oscillation frequency of the laser 101 can be stabilized because of no oscillation 
frequency drift due to electrical and optical characteristic changes of the laser 101 with passage of time. 

Additionally, no gas cell and no synchronous detection means such as a lock-in amplifier are required, 
so that there arises an advantage that a simple, compact and low-cost setup is sufficient for the light 
source. 
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[Second embodiment] 

Fig.4 shows a frequency-stabilized light source according to a second embodiment of the present 
invention. In Fig. 4, the same reference numerals as those in Fig. 3 are attached to the corresponding 
5 elements for the sake of simplification of description and illustration. 

A current control circuit 216 for controlling the driving current I for the semiconductor laser 101, a 
temperature control circuit 217 for controlling the temperature of the heat sink 103, and a micro computer 
21 for controlling the circuits 216 and 217 are provided instead of the current controller 102, the 
temperature controller 106 and the heat sink controller 105 in Fig. 3. 
10 The temperature detector 104 sends an electric signal corresponding to the detected temperature T of 

the heat sink 103 to the micro computer 218. The photodetector 115 sends an electric signal corresponding 
to the detected light power P of the laser 101 to the micro computer 218. The voltage detector 114 sends 
an electric signal corresponding to the detected voltage V of the laser 101 to the micro computer 218. 

The micro computer 218 is storing data relating the reference power P 0 arid the reference temperature 
75 To in advance. The computer 218 calculates data using the signal about the output light power P from the 
photodetector 115 and sends the data to the current control circuit 216. In response to the data thus sent, 
the current control circuit 216 controls to supply the driving current to the semiconductor laser 101, so that 
the output light power from the laser 101 is kept constant. 

On the other hand, the computer 218 calculates data using the signals about the forward voltage V from 
20 the voltage detector 114 and the temperature T from the temperature detector 104, and sends the data to 
the temperature control circuit 217. In response to the data thus sent, the temperature control circuit 217 
controls to supply the driving current to the Peltier elements 110, so that the reference temperature T 0 of 
the heat sink 103 is adjusted in order to cancel the temperature change of the active layer 101c. 

Therefore, in the second embodiment, the same effects as those the first embodiment can be obtained. 
25 Additionally, there is an advantage that the configuration or setup can be made simpler than that of the first 
embodiment because of the micro computer 218. 

[Third Embodiment] 

30 Fig.5 shows a frequency-stabilized light source according to a third embodiment of the present 
invention. 

In Fig. 5, a semiconductor laser 301, which is fixed on a first heat sink 112, emits an output light beam 
from its one side face and the emitted light beam is injected into an optical fiber 303 optically coupled with 
the laser 1 01 through a lens system 302. 
35 A first temperature detector 313 and a first Peltier element 315 are fixed to the first heat sink 312. The 
detector 313 and the element 315 act to control the temperature of the first heat sink 312 together with a 
first temperature controller 314, providing the temperature control of the laser 301. 

The first temperature controller 314 receives an electric signal about the temperature of the first heat 
sink 312 from the first temperature detector 313. On the other hand, the first temperature controller 314 
40 receives an electric signal about the frequency difference or drift Af from a synchronous detector 316. 
Based on the signals thus received, the controller 314 controls a driving current for the first Peltier element 
315 to increase or decrease the temperature of the first heat sink 312. 

Thus, the temperature Ti of the semiconductor laser 301 is controlled to be kept constant. 

Another output light beam of the laser 301 is emitted from its opposite side face and is injected into an 
45 optical resonator 304 fixed on a second heat sink 307. The optical resonator 304 is composed of, for 
example, an optical filter formed of a dielectric multilayer film, a Fabry-Perot etalon or the like. The second 
heat sink 307 is arranged apart from and adjacent to the first heat sink 312. 

The light beam transmitted through the optical resonator 304 goes into a photodetector 305 fixed on the 
second heat sink 307. The photodetector 305 produces an electric signal corresponding to the detected 
so power P of the light beam and sends the signal to a current controller 406 and the synchronous detector 
316. 

The current controller 406 controls a driving current I for the laser 301 so that the average output from 
the photodetector 305 is kept constant. 

A second temperature detector 308 and a second Peltier element 310 are fixed to the second heat sink 
55 307. The detector 308 and the element 310 act to control the temperature of the second heat sink 307 
together with a second temperature controller 309, providing the temperature control of the optical resonator 
304. 
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The second temperature detector 309 receives an electric signal corresponding to the detected 
temperature T 2 of the second heat sink 307 from the second temperature detector 308. Based on the signal 
thus received, the controller 309 controls a driving current for the second Peltier element 310 to increase or 
decrease the temperature of the second heat sink 307. 

The output signal from the second temperature controller 309 is slightly modulated by a modulation 
signal and is sent to the second Peltier element 310. The modulation signal is supplied from an oscillator 
31 1 and whose frequency is f m . 

Thus, the temperature of the optical resonator 304 is modulated by the modulation signal and at the 
same time, the temperature T, is controlled so that the time average of the temperature Ti is kept constant 
The synchronous detector 316 detects the output signal from the photodetector 305 synchronously with 
the modulation signal from the oscillator 311. The optical resonator 304 such as a dielectric multilayer film 
filter or a Fabry-Perot etalon has a peak frequency for the transmitted light beam, which can be 
approximated by the Lorentz function or Gauss function. In addition, an electric output signal from the 
synchronous detector 316 has a waveform equal to the primary-differentiated waveform of the transmitted 
light beam at the peak, frequency, so that the output signal is approximately proportional to the difference 
Af between the frequency of the output light beam injected into the optical resonator 304 and the peak 
frequency of the transmitted light beam through the resonator 304. This means that the electrical output 
signal from the synchronous detector 316 is available as a signal showing the frequency difference or error 
Af. 

The output signal from the synchronous detector 316 is sent to the first temperature controller 314. 
Then, the temperature of the semiconductor laser 301 is controlled by the controller 314 so that the 
oscillation frequency of the output light beam from the laser 301 is kept in accordance with the peak 
frequency of the transmitted light beam through the optical resonator 304, As a result, the oscillation 
frequency of the output light from the laser 301 is kept constant. 
25 In the third embodiment, similar to the first and second embodiments, since no gas cell is necessary, a 
simple, compact and low-cost light source can be realized. Since the driving current is not modulated, an 
unmodulated output light can be provided easily. 

Also, the semiconductor laser 301, the optical lens system 302, the optical resonator 304, the 
photodetector 305, the first and second heat sinks 312 and 307, the first, and second temperature detectors 
313 and 308, and the first and second Peltier elements 315 and 310 are incorporated into a casing 501, 
providing a semiconductor laser module. Therefore, there is an advantage of more stable operation and 
more compact size. 

In addition, stabilization in both oscillation frequency and output light power can be realized only by the 
photodetector 305. 
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[Fourth Embodiment] 



Fig.6 shows a frequency-stabilized light source according to a fourth embodiment, which is the same 
configuration as that of the third embodiment excepting that the current controller 406 in the third 
40 embodiment is omitted. 

In the fourth embodiment, in response to the detected power P of the light beam transmitted through 
the optical resonator 304, the photodetector 305 produces an electric signal corresponding to the detected 
power P and sends the signal only to the synchronous detector 316. The driving current I for the laser 301 
is not controlled because of no currents controller. 

Since the driving current I for the semiconductor laser 301 is not controlled, the power of the output 
light beam from the laser 301 does not necessarily stabilized, however, there is an advantage that the 
configuration becomes simpler than that of the third embodiment. 



[Fifth Embodiment] 

Fig.7 shows a frequency-stabilized light source according to a fifth embodiment, in which the tempera- 
ture of the semiconductor laser 301 is controlled so that the output light power of the laser 301 is kept 
constant and the driving current for the laser 301 is controlled so that the oscillation frequency of the output 
light beam is kept constant. 

In Fig. 7, the same reference numerals as those in Fig. 5 are attached to the corresponding elements 
for the sake of simplification of description and illustration. 

Different from the third embodiment in Fig. 5, a current controller 606 is arranged between the 
synchronous detector 316 and the semiconductor laser 301. 
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The first temperature controller 314 receives an electric signal corresponding to the temperature Ti of 
the first heat sink 312 from the first temperature detector 313. On the other hand, the first temperature 
controller 31 4 receives an electric signal corresponding to the output light power P from the photodetector 
305. Based on the signals thus received, the controller 314 controls the driving current for the first Peltier 
s element 315 to increase or decrease the temperature of the first heat sink 312. 

Thus, the output light power of the semiconductor laser 301 is controlled to be kept constant. 

The electrical output signal corresponding the detected power P of the output light, which is outputted 
from the photodetector 305, is sent to the synchronous detector 316. The detector 316 detects the signal 
thus sent synchronously with the modulation frequency f m from the oscillator 31 1 and produces an electric 
10 signal proportional to the frequency difference Af. The signal thus produced is then sent to the current 
controller 606. 

The output signal from the second temperature controller 309 is slightly modulated by a modulation 
signal whose frequency is f m and is sent to the second Peltier element 310. 

The current controller 606 controls a driving current I for the laser 301 so that the oscillation frequency 
75 of the laser 301 is kept constant. 

Thus, the temperature of the optical resonator 304 is modulated by the modulation signal from the 
oscillator 311 and at the same time, the temperature is controlled so that the time average of the 
temperature is kept constant. 

In the fifth embodiment, the same effects or advantages as those in the third embodiment can be 
20 obtained. 

In the present invention, any control means such as analog control means using the PID control 
method, digital control means using micro computers or the like can be employed as the controllers above 
described. 

It is needless to say that the present invention is not restricted to the above first to fifth embodiments. 
25 and any other variations can be made. 



Claims 



1- A frequency stabilization method of a semiconductor laser, said method comprising the steps of: 
30 detecting an output light power of a semiconductor laser mounted on a heat sink; 

obtaining a consumption power of said laser; 

obtaining a relationship between said output light power and said consumption power; 
detecting a temperature of said heat sink; 

controlling a driving current for the laser so that said output light power is kept constant; and 
35 controlling said temperature of said heat sink based on said relationship so that a temperature of an 

active layer of said laser is maintained. 

2. A frequency stabilization method of a semiconductor laser as claimed in claim 1, further comprising the 
steps of: 

40 detecting said driving current of said semiconductor laser; and 

detecting a voltage drop of said laser; 

wherein said relationship between said output light power and said consumption power is obtained 
based on detection results of said driving current and said voltage. 

45 3. A frequency-stabilized light source, comprising: 

a light power detector for detecting an output light power of a semiconductor laser mounted on a 
heat sink; 

a first operator for obtaining a consumption power of said laser; 

a second operator for obtaining a relationship between said output light power and said consump- 
so tion power; 

a temperature detector for detecting a temperature of said heat sink; 

a first controller for controlling said driving current so that said output light power is kept constant; 

and 

a second controller for controlling said temperature of said heat sink based on said relationship so 
55 that a temperature of an active layer of said laser is maintained. 

4. A frequency-stabilized light source as claimed in claim 3, further comprising: 

a current detector for detecting said driving current of said semiconductor laser; and 
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a voltage detector for detecting a voltage drop of said laser; 

wherein said relationship between said output light power and said consumption power is obtained 
based on detection results of said driving current and said voltage. 

5. A frequency stabilization method of a semiconductor laser, said method comprising the steps of: 

injecting an output light beam from a semiconductor laser into an optical resonator; 
modulating a temperature of said optical resonator by a modulation signal; 

detecting a transmitted light beam through said optical resonator to produce a first output signal; 
synchronously detecting said first output signal with said modulation frequency to produce a 
second output signal; 

controlling an oscillation frequency of said semiconductor laser to keep said frequency at a given 
value using said second output signal as a signal showing an error in said oscillation frequency. 

6. A frequency stabilization method of a semiconductor laser as claimed in claim 5, wherein, said 
oscillation frequency of said semiconductor laser is controlled to be in accordance with a peak 
frequency of said optical resonator in said step of controlling an oscillation frequency. 

7. A frequency stabilization method of a semiconductor laser as claimed in claim 5, wherein, said 
semiconductor laser is mounted on a first heat sink and is controlled to be a constant temperature, and 
wherein said optical resonator is mounted on a second heat sink and said temperature of said optical 
resonator is modulated through said second beat sink. 

8. A frequency stabilization method of a semiconductor laser as claimed in claim 5. wherein, a driving 
current for said semiconductor laser is controlled so that an output light power from said laser is kept 
constant. 

9. A frequency stabilization method of a semiconductor laser as claimed in claim 5. wherein, a tempera- 
ture of said semiconductor laser is controlled so that an output light power from said laser is kept 
constant. 

10. A frequency stabilization method of a semiconductor laser as claimed in claim 5, wherein, a driving 
current for said semiconductor laser is controlled so that said oscillation frequency of said laser is kept 
at a given value. 

11. A frequency stabilization method of a semiconductor laser as claimed in claim 5, wherein, a tempera- 
ture of said semiconductor laser is controlled so that said oscillation frequency of said laser is kept at a 
given value. 

12. A frequency-stabilized light source comprising: 

a semiconductor laser emitting an output light beam; 

an optical resonator into which said output light beam is injected; 

a modulator for modulating a temperature of said optical resonator by a modulation signal; 
a detector for detecting a transmitted light beam through said optical resonator to produce a first 
output signal; 

a synchronous detector for synchronously detecting said first output signal with said modulation 
frequency to produce a second output signal; 

a controller for controlling an oscillation frequency of said semiconductor laser to keep said 
frequency at a given value using said second output signal as a signal showing an error in said 
oscillation frequency. 

13. A frequency-stabilized light source as claimed in claim 12, wherein, said oscillation frequency of said 
semiconductor laser is controlled to be in accordance with a peak frequency of said optical resonator. 

14. A frequency-stabilized light source as claimed in claim 12, wherein, said semiconductor laser is 
mounted on a first heat sink and is controlled to be a constant temperature, and wherein said optical 
resonator is mounted on a second heat sink and said temperature of said optical resonator is 
modulated through said second heat sink. 
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15. A frequency-stabilized light source as claimed in claim 12, wherein, a driving current for said 
semiconductor laser is controlled so that an output light power from said, laser is kept constant. 

16. A frequency-stabilized light source as claimed in claim 12, wherein, a temperature of said semiconduc- 
5 tor laser is controlled so that an output light power from said laser is kept constant. 

17. A frequency-stabilized light source as claimed in claim 12, wherein, a driving current for said 
semiconductor laser is controlled so that said oscillation frequency of said laser is kept at a given value. 

w 18. A frequency-stabilized light source as claimed in claim 12, wherein, a temperature of said semiconduc- 
tor laser is controlled so that said oscillation frequency of said laser is kept at a given value. 

19. A frequency stabilization method of a semiconductor laser; said method comprising the steps of: 

injecting an output light beam from a semiconductor laser into an optical resonator to produce a 
75 transmitted light having a peak frequency of said optical resonator; 

detecting said transmitted light beam having said peak frequency to produce an output signal about 
a detected power of said transmitted light beam; 

controlling said power of said transmitted tight beam to be kept constant based on said output 
signal; and 

20 controlling an oscillation frequency of said semiconductor laser to be in accordance with said peak 

frequency. 

20. A frequency-stabilized light source comprising: 

a semiconductor laser emitting an output light beam; 
25 an optical resonator into which said output light beam is injected; 

said resonator producing a transmitted light beam and having a peak frequency of said transmitted 
light beam; 

a detector for detecting said transmitted light beam to produce an output signal about a detected 
power of said transmitted light beam; 
30 a first controller for controlling said power of said transmitted light beam to be kept constant based 

on said output signal; and 

a second controller for controlling an oscillation frequency of said semiconductor laser to be in 
accordance with said peak frequency. 

35 21. A semiconductor laser module comprising: 

a first heat sink whose temperature is controllable; 

a semiconductor laser mounted on said first heat sink; 

said semiconductor laser emitting an output light beam; 

a second heat sink whose temperature is controllable; 
40 an optical resonator mounted on said second heat sink; 

said output light beam being injected into said optical resonator to emit a transmitted light beam 
from said optical resonator; 

a detector for receiving said transmitted light beam to detect a power of said transmitted light 
beam; and 

45 a package for incorporating said first heat sink; said semiconductor laser; said second heat sink; 

said optical resonator and said detector. 

22. A semiconductor laser module as claimed in claim 21 , wherein, 

a temperature of said optical resonator is modulated by a modulation signal; 
so a transmitted light beam through said optical resonator is used to produce a first output signal; 

a power of said transmitted light beam is controlled to be kept constant based on said first output 
signal; 

said first output signal is synchronously detected with said modulation frequency to produce a 
second output signal; and 

55 an oscillation frequency of said semiconductor laser is controlled to keep said frequency at a given 

value using said second output signal as a signal showing an error in said oscillation frequency. 



12 



EP 0 618 653 A2 



23 A semiconductor laser module as claimed in claim 22, wherein, said oscillation frequency of said 
semiconductor laser is controlled to be in accordance with a peak frequency of said optical resonator in 
said step of controlling an oscillation frequency. 

24. A semiconductor laser module as claimed in claim 22, wherein, said semiconductor laser is controlled 
" to be a constant temperature through said first heat sink, and said optical resonator is modulated 
through said second heat sink. 
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© A frequency stabilization method of a semicon- 
ductor laser is provided. A driving current, a forward 
voltage and an output light power of the laser moun- 
ted on a heat sink is detected. A temperature of the 
heat sink is also detected. A consumption power of 
the laser is obtained from the driving current and 
voltage thus detected, providing a relationship be- 
tween the output light power and the consumption 
power. The driving current is controlled so that the 
output light power is kept constant, and the tempera- 
ture of the heat sink is controlled based on the 
relationship so that a temperature of an active layer 
of the laser is maintained. The output light power is 
kept constant and at the same time, any temperature 
change of the active layer is cancelled through the 
temperature control of the heat sink. Even if the 
consumption power changes due to an leakage cur- 
rent and/or a recombination current without lumines- 
cence to maintain the output light power during long 
time operation, the temperature of the active layer is 
maintained by cancelling the consumption power 



change through the temperature control of the heat 
sink. Thus, the oscillation frequency of the semicon- 
ductor laser can be stabilized at a given value. 

FIG. 3 




105 

_j 



HEAT SINK 
CONT 



W 1 ^ 

x no 

PELTIER 
ELEMENT 



Rank Xerox (UK) Business Services 

13- 10/3.09/3.3 .41 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 10 5059 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 



Citation of document with indication, where appropriate, 
of relevant passages 



US-A-4 821 273 (HORI) 11 April 1989 

* the whole document * 

GB-A-2 224 374 (THE PLESSEY COMPANY) 2 May 
1990 

* the whole document * 

PATENT ABSTRACTS OF JAPAN 

vol. 5, no. 159 (E-77) (831) 14 October 

1981 

& JP-A-56 090 583 (RICOH) 22 July 1981 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 8, no. 123 (E-249) 8 June 1984 
& JP-A-59 034 684 (HITACHI DENSEN) 25 
February 1984 

* abstract * 

US-A-4 695 714 (KIMIZUKA ET AL.) 22 
September 1987 

* column 1, line 18 - line 41 * 

* column 1, line 66 - column 2, line 47 * 

* column 4, line 51 - column 5, line 16; 
figure 1 * 

US-A-4 583 228 (BROWN ET AL.) 15 April 
1986 



* the whole document 



-/— 



The present search report has been dram up for all claims 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (IntCLS) 



1-4 
1-4 

1-4 



H01S3/133 
H01S3/043 
H01S3/025 



1-4 



TECHNICAL FIELDS 
SEARCHED (IntCLS) 



H01S 

H04B 



I, 6,10, 

II, 13, 
17,18,23 



Place oft 

THE HAGUE 



Date of cnaplotkw of Ihe teanfc 

26 January 1995 



Stang, I 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document deed for other reasons 



& Taeabv 'of the same"patent family, corresponding 
document 



3 



European Patent 
Office 



CLAIMS INCURRING FEES 



The present European patent application comprised at the time ot filing more than ten claims. 

All claims tees have been paid within the prescribe time limit The present European search report has bean 
drawn up tor aH claims. 

Only part of the claims tees have been paid with* the prescribed time limit. The present European aearch 
report has been drawn up tor the tlrst ten claims and tor those claims for which claims fees have been paid. 

namely claims: 

No claims fees have been paid wtthin the prescribed time limit. The pre~nt European aearch report has been 
drawn up tor the first ten claims. 



□ 
□ 

□ 



LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not comply with the requirement of unity of 

invention and relates to several Inventions or groups ol inventions. 

namely: 



see sheet -B- 



□ 



□ 



AM further saarch fees have been pa.d wrtnm the fixed time limit The present European aearcn report has 
been drawn up tor all claims. 

Only part of the further search fees have been paid within the fixed time limit The present European search 
report has been drawn up for those parts of the European patent application which relate to the Inventions In 
respect of which search fees have been paid. 

namely claims: 

None of the tunner search fees has beam paid wtthin the fixed time limit The present European search report 
has been drawn up lor those parts of the European patent application which relaie to the invention first 
mentioned in the claims. 



namely claims 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 10 5059 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to < 



CLASSIFICATION OF THE 
APPLICATION (Int.CLS) 



IEEE TRANSACTIONS ON INSTRUMENTATION AND 
MEASUREMENT, 

vol.36, no. 3, September 1987, NEW YORK, US 
pages 789 - 796 

S.YAMAGUCHI ET AL. 'Power Level Controlled 
Optical Sweep Oscillator Using a GaAs 
Semiconductor Laser' 

* paragraphs IIA, IIB, IVB, IVD * 

* figure 1 * 

ELECTRONICS LETTERS, 

vol.26, no. 6, 15 March 1990, STEVENAGE. GB 
pages 405 - 406, XP122770 
M.S.NAKAMURA ET AL. 'Frequency-Stabilized 
LD Module with a Z-Cut Quartz Fabry-Perot 
Resonator for Coherent Communication' 

* the whole document * 

ELECTRONICS LETTERS, 

vol.22, no. 10, 8 May 1986, STEVENAGE, GB 
pages 553 - 554 

H.TSUCHIDA ET AL. 'Wideband Frequency 
Scanning of a Stabilised Semiconductor 
Laser 1 

* the whole document * 

JAPANESE JOURNAL OF APPLIED PHYSICS, 
vol.19, no. 12, December 1980, TOKYO, JP 
pages L721 - L724 

H.TSUCHIDA ET AL. 'Frequency Stability 
Measurement of Feedback Stabilized AlGaAs 
DH Laser' 

* paragraph 2; figure 1 * 

-/— 



The present search report has been drawn op for all claims 



5-24 



5-8,10, 
12-15, 
17,19, 
20,22,23 



5-8,10, 

12-15, 

17,19-211 



5-7, 
11-14, 
18,21, 
23,24 



TECHNICAL FIELDS 
SEARCHED (IM.C1.5) 



THE HAGUE 



Date of axm*UHy*m of IW tzmrk 

26 January 1995 



Stang, I 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document dted for other reasons 

A : member of the sane patent family, corresponding 
document 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 10 5059 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Chad on of document with indication, where appropriate, 
of relevant passages 



Relevant 
to cftairo 



CLASSIFICATION OF THE 
APPLICATION (lnLCLS) 



EP-A-0 336 308 (CSELT CENTRO STUDI E 
LABORATORI TELECOMUNICAZIONI) 11 October 
1989 

* column 2, line 39 - column 3, line 3 * 

* column 4, line 35 - column 5, line 56; 
figures 1,2 * 

PATENT ABSTRACTS OF JAPAN 

vol. 12, no. 403 (E-674) (3250) 26 October 

1988 

& JP-A-63 143 888 (YOKOGAWA ELECTRIC) 16 
June 1988 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 14, no. 336 (E-0953) 19 July 1990 
& JP-A-02 112 295 (YOKOGAWA ELECTRIC) 24 
April 1990 

* abstract * 



5,6,10, 

12,13, 

17,22,23 



11,18,24 



21 



The present search report has been drawn up for ail daims 



Place of tearca 

THE HAGUE 



Date ml amfAetbou of the wrdi 

26 January 1995 



TECHNICAL FIELDS 
SEARCHED (Int-CI.S) 



Stang, I 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken aJoee 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in tbe application 
L : document dted for other reasons 

& : member of the same patent family, corresponding 
document 



European Patent 
Office 



EP 94 10 5059 -B 



I lack of unfty of invention 

Tha S«n* Dcvi.«n c*M«s thai ih« presant European paiant appTcabon *>« not compfy wnh m* requirement of unity of 

invention find relatas to teveraJ tnvwnbona or croup* of invenbons, 

nam«ly: 

1 . Claims 1-4 : 

A frequency stabilization method of a semiconductor 
laser is performed by the simultaneous detection 
of the laser output, power and the laser consumption 
power and by establishing a. relationship between 
both in order to keep constant the temperature of 
the active layer. 

2* Claims 5-18,21-24 : 

Frequency stabilization method of a semiconductor 
laser in which the laser output is transmitted through 
a temperature modulated optical, resonator and then 
synchronously detected with the modulation frequency 
whereby an oscillating frequency error signal, is 
obtained. 

3. Claims 19-20 : 

Frequency stabilization method of a semiconductor 
laser where the output of the laser is transmitted 
through an optical resonator and this transmitted 
light is detected in order to control the power of 
the transmitted light beam to be constant- 



(19) 



J 



(12) 




(43) Date of publication: 

02.06.1999 Bulletin 1999/22 



FILED. 

Europaisches Patentamt 
European Patent Office 
Off ice europten des brevets (11) EP 0 920 095 A2 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 6 : H01S 3/133 



(21) Application number: 98121983.5 

(22) Date of filing: 19.11.1998 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSE 

Designated Extension States: 
AL LT LV WIK RO SI 

(30) Priority: 27.11.1997 J P 326341/97 

(71) Applicant: Hitachi, Ltd. 
Chiyoda-ku, Tokyo 101-8010 (JP) 

(72) Inventors: 

• Baba, Naohiko 
Fujisawa-shi, Kanagawa-ken (JP) 

• Serizawa, Hideyuki 
Ueda-shi, Nagano-ken (JP) 



• Hayami, Akihiro 

Hitachi Kamikurata syataku B-301 
Yokohama-shi, Kanagawa-ken (JP) 

• Hatano, Tadashi 

Totsuka-ku, Yokohama-shi, Kanagawa-ken (JP) 

• Yamada, Yasuhiro 
Fujisawa-shi, Kanagawa-ken (JP) 

• Chujo, Norio 
Tokyo (JP) 

(74) Representative: 

Strehl Schubel-Hopf & Partner 
Maximilianstrasse 54 
80538 Munchen (DE) 



CM 
< 

o 



3^ 



no 



AUTO POWER 
CONTROL CJRCLHT 



V' 



PHOTO 
(MODE 



CONTROLLER 



LASER 

DIODE 



LD DRIVE 
CURRBJT 
DETECTOR 



T 



THERMOELfcUTRJC 
COOLER 



THERMISTOR 



TEMPERATURE 
MONITOR 



(54) Optical wavelength stability control apparatus and optical transmitter 

(57) An optical transmitter includes a plurality of 
optical wavelength stability control apparatus, each of 
which is capable of compensating a wavelength drift by 
varying the laser diode drive current. Each of the optical 
wavelength stability control apparatus detects the laser 
diode drive current, which is controlled by an auto power 
control circuit, by using a laser diode drive current 
detector (1). The laser diode drive current is normalised 
by a laser diode drive current increase/decrease nor- 
malisation unit (2). A laser diode temperature control 
target value is generated at a compensated reference 
voltage generator (3a, 3b). in response to the normal- 
ised laser diode drive current, to control the current 
value applied to a thermoelectric cooler (12) so that the 
output value of a temperature monitor circuit (10) 
approaches a predetermined laser diode temperature 
control target value. 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . FIELD OF THE INVENTION 

[0001 ] The present invention relates to an optical wavelength stability control apparatus for stabilizing an optical wave- 
length output from a laser diode (hereinafter, LD). In particular, the present invention relates to an optical wavelength 
stability control apparatus suitable for an optical multiple wavelength transmission. 

10 

2. DESCRIPTION OF THE RELATED ART 

[0002] Due to the development of an advanced information society, an optical communication system to which an opti- 
cal signal is transmitted by using an optical fiber requires an enlarged transmission capacity. The optical multiple wave- 
rs length transmission is implemented to realize an increase in transmission capacity. A plurality of channels are 
transmitted through a common transmission path by assigning respective signals to different optical wavelengths. The 
precision stabilization of the optical wavelength within ±0.2 nm has long been required so that adjacent wavelengths do 
not interfere with each other. 

[0003] FIG. 2 illustrates a conventional apparatus for optical wavelength stabilization. In general, it is known that a 
20 temperature fluctuation as well as a drive current fluctuation of a semiconductor laser cause a fluctuation of the optical 
transmitter. FIG. 2 illustrates an apparatus used for stabilizing an optical wavelength by keeping the temperature of a 
semiconductor laser 5 constant. A temperature monitor 10 detects the temperature of LD using a thermistor 9 and a 
reference voltage generator 3b outputs a reference temperature voltage which is a target value for controlling a temper- 
ature. An output voltage (Vth) of the temperature monitor 10 and an output voltage (Vref 1) of the reference voltage gen- 
25 erator 3b are compared at a comparator 8, and the difference between Vth and Vrefl is calculated. In a current 
controller 11 , the stabilization of the optical wavelength is done by determining a drive current value of a thermoelectric 
cooler 12 so that an output value at the comparator 8 becomes zero. A semiconductor laser apparatus described in a 
Japanese laid-open patent No 57-186383 also employs the same method. 

[0004] However, the electric power consumption (an input electric power to the semiconductor laser) required to 
30 obtain the identical optical power output gradually increases over time with the age of a semiconductor laser. Thus, the 
temperature at an active layer of the semiconductor laser rises and thereby causes an optical wavelength to fluctuate. 
[0005] Japanese laid open patent 6-283797 describes a control method for keeping an optical power output and the 
temperature of the active layer constant. According to this method the temperature of a heat sink iscontrolled to negate 
a temperature rise of the active layer caused by an increase of the electric power consumption to gain an identical opti- 
35 cat power with respect to an age related change of the semiconductor laser. Based upon this control, the temperature 
of the laser can be constantly controlled for a long period of time. 

[0006] However, even if the temperature of the laser could be made constant, there is a problem that the optical wave- 
length of the laser changes in accordance with the fluctuation of the drive current when it is varied. In other words, as 
shown in FIG. 3, efficiency decreases with the age of the LD. To compensate for this deterioration, the LD drive current 
40 is controlled by an auto power control circuit (hereinafter, APC) so that the optical output of the LD becomes constant. 
Therefore, as shown in FIG. 4, the LD drive current value If (t) increases. The relation between optical wavelength and 
LD drive current is shown in FIG. 5. 

[0007] TTien, the fluctuation of the LD drive current causes fluctuation of the wavelength. A timing chart of an opera- 
tion and a wavelength fluctuation in the conventional art is shown in FIGS. 6(a)-6(d). 
45 [0008] When the LD drive current If (t) fluctuates with respect to an aging deterioration as shown in FIG. 6(a), a quan- 
tity of the wavelength fluctuation increases and the fluctuation cannot be compensated because a reference voltage 
(Vrefl) is a fixed value as shown in FIG. 6(b). 

[0009] The above-mentioned characteristics are explained using the following equations. A quantity of the wavelength 
drift (AX1) causing an increase/decrease of the LD drive current is given as equation 1. 

so 

AX1 = a * (If(tn)-lf(tO)} (1) 

where 

55 a = Drive current-wavelength fluctuation conversion constant, 
If(t0) « Drive current value at initial time to. and 
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lf(tn) = Drive current after passing time tn. 

[001 0] On the other hand, a quantity of the wavelength drift (AX2) caused by a control loop error of a current controller 
is given as equation 2. 

AX2 = (1/G) • Vatc • p • y (2). 



where 

10 G = Feedback loop gain, 

Vatc = Normalization portion output voltage value, 

p = Temperature of the laser - Wavelength conversion constant, and 

75 

y = Temperature in a circuit - Voltage conversion constant. 

[001 1 ] Accordingly, a quantity of the wavelength drift (AX) in the optical wavelength stability control method of the con- 
ventional art is given as equation 3. 

20 

AX = AM + A?„2 = a • {lf(tn)-lf(t0)M1/G) • Vatc • p • y (3) 
[0012] Equation 4 is obtained from a feedback stability condition. 

Vatc = G • (Vth-Vref1) ( 4 ) 

where 

Vth = Temperature monitor output (LD temperature), and 

Vret = Reference voltage generator output (initial set temperature). 

[001 3] When the equation 4 is substituted into the equation 3, AX is given as equation 5. 

AX = a • {lf(tn)-lf(t0)}+(Vth-Vref1) • p • y < 5 ) 

[0014] From the equation 5. it is confirmed that it is impossible to compensate the wavelength drift a • (If(tn)-lf(tO)} 
causing an increase/decrease of the LD drive current, even though the thermal detection voltage Vth and the reference 
voltage Vref 1 can be controlled. 

SUMMARY OF THE INVENTION 

[001 5] An object of the present invention is to provide an optical wavelength stability control apparatus for stabilizing 
the wavelength precisely by compensating for the wavelength drift over a long period of time. 

45 [001 6] An object of the present invention is to provide an optical wavelength stability control apparatus for stabilizing 
the optical wavelength output from a LD. This apparatus includes a current detector for detecting the LD drive current 
driving the LD and a thermal controller including a compensated reference voltage generator 3a, a comparator 8. a 
thermistor 9 a temperature monitor 10. a current controller 1 1 and a thermoelectric cooler 12, for controlling a temper- 
ature of the LD to be a control target value. The thermal controller includes a reference generator means for setting the 

so control target value in response to the LD drive current detected by the current detector. 

[001 7] Another object of the present invention is to provide an optical transmitter including a plurality of optical wave- 
length stability control apparatus, each of the optical wavelength stability control apparatus including a laser diode mod- 
ule having the LD a photOKliode (hereinafter, PD), a thermoelectric cooler and a thermistor built-in. The apparatus 
includes an APC capable of controlling the stability of the optical power output by varying the LD drive current drivmg 

55 the LD, 

a LD drive current detector for detecting the LD drive current, 
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a LD drive current increase/decrease normalization unit for outputting the increased or decreased LD drive current 
value being normalized, based upon the detected LD drive current value, 

a compensated reference voltage generator for generating the LD temperature control target value in response to 
5 an increase or a decrease of the LD drive current value being normalized, 

a temperature monitor circuit for detecting a temperature of the LD based on the thermistor, 

a comparator for detecting a difference between the detected LD temperature value and the LD temperature control 
10 target value, 

a current controller for determining a current value applied to the thermoelectric cooler so that a value detected by 
the comparator becomes zero, and 

15 a thermoelectric cooler for applying to the thermoelectric cooler a current value determined by the current control- 
ler. 

[0018] Yet another object of the present invention is to provide a method for stabilizing an optical wavelength output 
from a LD using a leading discharge at a diode connection portion. The method encompasses detecting a fluctuation 
20 of a drive current driving a LD and regulating a temperature at a diode connection portion to compensate the fluctuation 
of an optical wavelength along with a variation of the LD drive current. 

[001 9] Still another object is to provide an optical multiple wavelength transmitter for transmitting light having a plural- 
ity of different wavelengths. The transmitter includes a plurality of optical wavelength stability control apparatus, each of 
which includes: 

25 

aLD. 

a current detector for detecting respectively the drive current driving the LD, and 

30 means for controlling respectively the temperature of the LD, 

wherein the means for controlling includes a temperature detection means for detecting respectively the tempera- 
ture of the LD, a cooling means for cooling respectively the LD and a control means for setting respectively a control 
target temperature for the respective LD using a conversion coefficient predetermined for the respective LD in 
response to the variation of the detected drive current and controlling the cooling means to regulate the detected 

35 respectively the temperature of the LD to a set control target value. 

[0020] Alternatively, the transmitter may include a plurality of laser diode modules and a common current detector and 
a common means for controlling the temperatures of the laser diodes. 

[0021] These and other objects, features and advantages of the present invention will be readily apparent in view of 
40 the following detailed description of the preferred embodiments in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] 

45 

FIG. 1 illustrates an optical wavelength stability control apparatus based upon the present invention; 

FIG. 2 illustrates the inventors analysis of a conventional optical wavelength stabilization control apparatus; 

so FIG. 3 is a graph showing the relation between the characteristics of an electrical/optical conversion and time for 

the LD; 

FIG. 4 is a graph showing the relation between the LD drive current and time for compensating the deterioration of 
the LD; 

55 

FIG. 5 is a graph showing the relation between a drive current and a quantity of the wavelength drift for the LD; 
FIGS. 6(A)-6(D) are timing charts showing wavelength drift that occurs in the prior art; and 
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FIG. 7 is a timing chart showing a wavelength drift and an operation in the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0023] A description will be given of the embodiments of the present invention by reference to the accompanying 

[OT24] 9S FIG 1 shows an example of a plurality of optical wavelength stability control apparatuses 1 1 0 used in an optical 
transmitter. Each of the apparatus includes a laser diode module 100 having a LD 5, a PD 6, a thermoelectric cooler 12 
and a thermistor 9, a APC 7, a LD drive current detector 1, a LD drive current increase/decrease normalization unit 2. 
a compensated reference voltage generator 3a, a current-wavelength conversion coefficient decider 4. a comparator 8, 
a temperature monitor 10 and a current controller 1 1 . A plurality of such apparatuses are used to form the optical trans- 
mitter Each of the apparatuses has a LD outputting a respective optical wavelength. While FIG. 1 illustrates an embod- 
iment where each apparatus 1 10 is provided with a plurality of elements as shown, according to another embodiment, 
the transmitter may only have a plurality of laser diode modules, while the remaining elements are commonly provided. 
[0025] A thermal controller controls the temperature of the laser diode to be a control target value. According to the 
disclosed embodiment, the thermal controller includes thermoelectric cooler 12, thermistor 9, temperature monitor 10. 
comparator 8, compensated reference voltage generator 3a. current-wavelength conversion coefficient decider 4 and 
current controller 1 1 . Of course, numerous variations could be made to the thermal controller shown in order to achieve 
the same objective of controlling temperature based upon measured laser diode current. 
[0026] The PD 6 is used to detect an intensity of an optical power from the LD. 

[0027] A thermoelectric cooler 12 is used to cool the LD 5 by discharging heat from the LD 5 to outside of the laser 
diode module 1 00. On the other hand, the thermoelectric cooler 12 transfers heat in the reverse direction, thereby caus- 
ing the LD 5 to absorb heat from outside of the module 100. 

[0028] A portion of light outputted from the LD 5 is branched to the PD 6 and an intensity of the optical power is 
detected The APC 7 controls the drive current value so that the power output value detected by the PD 6 becomes a 
constant The detected power output is proportional to the optical output power of the LD 5 because the optical power 
output is branched at a constant ratio. Accordingly, the optical output power from the LD 5 is stabilized by controlling the 

drive current value. . . . 

[0029] The LD drive current increase / decrease normalization unit 2 normalizes a deviation of the drive current from 
an initial value, and outputs such deviation as a standard value. This standard value is input to the compensated refer- 
ence voltage generator 3a. 

[0030] The compensated reference voltage generator 3a generates a temperature setting value correcting an optical 
wavelength drift due to deterioration caused by aging of the LD, based upon an input standard value and a current- 
wavelength conversion coefficient a input from a current-wavelength conversion coefficient decider 4. The temperature 
35 setting value ( Vatc) is output to the comparator 8. 

[0031 ] The comparator 8 detects a difference between the temperature setting value from the compensated reference 
voltage generator 3a and a temperature of the LD detected by the thermistor 9. 

[0032] The current controller 1 1 determines the current value for driving the thermoelectric cooler 1 2 so that the dif- 
ference detected by the comparator 8 becomes small (even zero, for example) thereby controlling the stability of an opti- 

40 cal wavelength of the LD 5. 

[0033] With reference to FIG. 1 and 7, the details for the optical wavelength stability control are described. 

[0034] An optical wavelength stability control apparatus increases the LD drive current with the APC 7 so as to keep 

the optical power output constant when the LD 5 deteriorates. 

[0035] An increased quantity of the LD drive current is detected for every (Tx+Ty) seconds, output as a normalized 
value, If (tn) - If (to) via the LD drive current detector 1 and the LD drive current increase / decrease normalization unit 2. 

Tx : the sampling time for calculating a mean value of the LD drive current. 

Ty : the waiting time. A drive current is sampled by Ty. 

If (tn) : the mean value of the drive current detected in a sampling time Tx. 

If (tO) : the initial value of the drive current. 

[0036] The compensated reference voltage generator 3a calculates a voltage Vref2 to correct an optical wavelength 
drift share based on the normalized increased value of the drive current and the current -wavelength conversion coef- 
ficient a The voltage generator 3a outputs the compensated reference voltage Vrefl - Vref2 to the comparator 8. 
[0037] The comparator 8 compares the detected temperature of the LD (Vth) with the compensated reference voltage 
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(Vrefl -Vref2) and outputs the difference value as a comparison value (Vatc). The comparison value (Vatc) is a temper- 
ature setting value. 

[0038] The current controller 1 1 controls a current value (late) applied to the thermoelectric cooler 12 to regulate the 
comparison value (Vatc) to be zero. 

[0039] The detailed description of the optical wavelength stability control is given by using the following equations. 
[0040] The wavelength drift quantity AV in the wavelength stability control apparatus to which the present invention is 
applied is given by an equation 6 as well as an aforementioned equation 3. 

AV = a • {If(tn)-If(t0)}+(1/G) • Vatc • p * y (6) 

[0041] The feedback stability condition of the control system in the optical wavelength stability control apparatus to 
which the present invention is applied is given as equation 7. 

Vatc = G • (Vth - Vrefl + Vref2) (7) 

where Vref2 = the compensated optical wavelength drift voltage (compensated temperature) 
Now, defining Vref2: 

Vref2 = -<x • AH/(p • y) (8) 
= -a • {If(tn) - If(t0)}/(p • T ) 

[0042] The compensated reference voltage generator 3a, shown in FIG. 1 , calculates Vref2 according to equation 8. 
[0043] If equations 7 and 8 are substituted into equation 6, equation 6 can be represented as equation 9. 

AV = ( Vth -Vrefl) • p • y (9) 

[0044] If equation 9 is compared with the aforementioned equation 5 that is the wavelength drift share in the conven- 
tional method, the wavelength drift share causing the LD drive current increase/decrease of a • (lf(tn) - If(t0)} can be 
removed and it is possible to precisely stabilize the optical wavelength. 

[0045] a. p are specific values of the LD determined for the respective controlled LD. y is a value determined for the 
control system and has a different value depending on the control system. 

[0046] For instance, considering that a Distributed Feedback (DFB) type LD is used where a=0.008(nm/mA) and 
p=0.095 nm/°C and the LD is controlled in a-control system where y=10°C/V. When the LD of initial set drive current 
If (tO) = 60 m A deteriorates and becomes lf(tn)=80 mA, Vref 2= -0.168(V) is obtained from equation 8. Therefore, a cor- 
rection of an optical wavelength drift can be done by lowering the LD temperature about 1 .68 °C down from the initially 
set temperature. If control is done hourly, the wavelength can be corrected, because it takes more than twenty hours for 
lf(tn)-IF(to) to reach tOrnA. 

[0047] The detection of the LD drive current value in the LD drive current detector 1 can be made discretely By dis- 
cretely detecting, a control instability factor that two loops exist in the control system can be eliminated. 
[0048] If the waiting time Ty is long enough, then the stability of a control system can be increased. However, rf the 
time Ty is made long, the maximum drift error of the optical wavelength value AMnax becomes large. 
[0049] Thus, as the discrete detection, for instance, a periodical detection can be done by setting a predicted period 
during which the variation of the drive current requiring a change of setting temperature will occur due to aging of the 
LD. Alternatively, a dynamic period can be prescribed such that the detection interval is made short in accordance with 
an increase of the previously detected change in drive current and long in accordance with a decrease of the previously 
detected change in the drive current. 

[0050] The discrete sampling of the LD drive current is achieved by synchronizing the compensated reference voltage 
generator 3a as shown in FIG. 1 with a microcomputer using a clock frequency. By employing this sampling method, 
the compensated reference voltage generator 3a capable of discretely sampling the LD drive current can be simply con- 
figured. 

[0051] When the LD drive current detector 1 shown in FIG. 1 detects the LD drive current value, a mean value detec- 
tion can be done at a sampling time Tx. By performing the mean value detection, a deterioration of the precision control 
caused by sudden noises such as a power surge onto the LD drive current value can be prevented. 
[0052] Moreover, it is possible to apply the combination of the discrete sampling and the above mean value detection 
to the present invention. In other words, the LD drive current detector 1 shown in FIG. 1 can detect the LD drive current 
value discretely and perform the mean value detection at the sampling time Tx. As a result, it is possible to delete two 
loops causing the control instability factor in the control system and to reduce an influence of the moment noise to the 
detected LD drive current value. Accordingly, the stability of the control system can be improved. 
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[0053] Based upon the present invention, the LD drive current value driving the LD is detected and the setting tem- 
perature can be set in accordance with the fluctuation ol the LD drive current value. In other words, it is possible to 
determine a setting temperature correcting the wavelength drift share due to deterioration caused by aging and main- 
tain the wavelength stability for a long period of time. 

[0054] Further, the control instability factor caused by two loops existing in the control system can be eliminated by 
detecting the LD drive current value discretely. 

[0055] In addition, it is possible to prevent the deterioration of the precision control from affecting the influence of sud- 
den noises, such as a power surge, onto the LD drive current value by performing the mean value detection at the sam- 
pling time Tx to detect the LD drive current value. 

[0056] While the present invention has been described above in conjunction with the preferred embodiments, one of 
ordinary skill in the art would be enabled by this disclosure to make various modifications to these embodiments and 
still be within the scope and spirit of the present invention as defined in the appended claims. 



Claims 

1 . An optical wavelength stability control apparatus for stabilising an optical wavelength output from a laser diode (5) 
comprising: 

a current detector (1) which detects a laser diode drive current; and 

a thermal controller which controls the temperature of said laser diode (5) to a control target value, said thermal 
controller setting said control target value according to the laser diode drive current detected by said current 
detector (1). 

2. The apparatus of claim 1 , wherein said thermal controller includes a normalisation unit (2) which normalises said 
laser diode drive current detected by said current detector (1) as a deviation from a predetermined initial value for 
said laser diode drive current and sets said control target value corresponding to such normalisation. 

3. The apparatus of claim 2, wherein said thermal controller includes a compensated reference voltage generator (3a, 
3b) which receives a normalised value from said normalisation unit (2) and outputs a temperature setting value. 

4. The apparatus of claim 3, wherein said compensated reference voltage generator (3a, 3b) also receives a current- 
wavelength conversion coefficient from a current-wavelength conversion coefficient decider (4) and uses said coef- 
ficient in determining said temperature setting value. 

5 The apparatus of claim 1 or 2, wherein said current detector (1) detects the laser dicxie drive current value hourly 
or at a discrete time, and/or detects the mean value of said laser diode drive current value within a predetermined 
time. 

6. The apparatus of claim 1 or 2, wherein 

said current detector (1 ) has period setting means for setting the time period for detecting said laser diode drive 
current value, and 

said period setting means sets a shorter time period if a detected increase of said laser diode drive current is 
large, and sets a longer period if a detected increase of said laser diode drive current is small. 

7. The apparatus of any one of claims 1 to 3, further including means for monitoring the.optical power output by 
receiving a part of said optical power output from said laser diode (5) and regulating said laser diode drive current 
so that the monitored optical power output is approximately equal to a predetermined control target value. 

8. An optical transmitter including a plurality of laser diode modules, each having a laser diode (5), a photo diode (6). 
and a thermoelectric cooler (12), the optical transmitter comprising: 

a laser diode drive current detector (1) for detecting the laser diode drive current value; 

an auto power control circuit for controlling the stability of an optical power output by varying the laser diode 

drive current driving said laser diode (5); 

a laser diode drive current increase/decrease normalisation unit (2) for outputting the variation of said laser 
diode drive current value through normalisation based upon the detected laser diode drive current value; 
a compensated reference voltage generator (3a. 3b) for generating a laser diode temperature control target 
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value in response to the normalised variation of the laser diode drive current value; 
a temperature monitor circuit (10) for detecting the laser diode temperature; 

a comparator (8) for detecting the difference between said laser diode temperature and said laser diode tem- 
perature control target value; and 
5 a current controller (11) for determining a current value to be applied to said thermoelectric cooler (12) to 

reduce the temperature difference detected by said comparator (8). 

9. An optical multiple wavelength transmitter for transmitting light having a plurality of different wavelengths, said opti- 
cal multiple wavelength transmitter comprising: 

10 

a plurality of laser diodes (5); 

means for detecting respective drive current driving said plurality of laser diodes (5); and 
means for controlling the respective temperatures of said plurality of laser diodes <5), wherein said controlling 
means includes temperature detection means for detecting the respective temperatures of said plurality of 
75 laser diodes (5), cooling means (12) for cooling the respective laser diode (5) and control means for setting a 

control target temperature for the respective laser diode (5) using a conversion coefficient predetermined for 
the respective laser diode (5) in response to the variation of the detected drive current, and controlling said 
cooling means (12) to regulate the respective detected temperatures of said laser diodes (5) to the set control 
target value. 

20 

1 0. The transmitter of claim 8 or 9, wherein at least two of said plurality of laser diode modules output light at different 
wavelengths. 

11. A method for stabilising the optical wavelength output of a laser diode (5), comprising the steps of: 

25 

detecting the fluctuation of the drive current driving said laser diode (5); and 

regulating the temperature of said laser diode (5) to compensate the fluctuation of said optical wavelength in 
accordance with the variation of the laser diode drive current. 

30 1 2. The method of claim 1 1 , wherein the temperature regulating step includes a step of normalising the detected laser 
diode drive current with respect to an initial laser diode drive current and outputting the result of such normalising 
to a compensated reference voltage generator (3a, 3b). 
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@ Verfahren und Schaltungsanordnung zur Regelung der Wellenlange eines Strahlung emittierenden 

Halbleiterbauelements 
(57) Das Verfahren und die erfindungsgemafie Schaltungs- 
anordnung zur Regelung der Wellenlange eines Strah- 
lung emittierenden Halbleiterbauelements (8), insbeson- 
dere einer Superlumineszenz- oder Laserdiode, dessen 
(deren) Emissionswellenlange sowohl von der Tempera- 
tur des Bauelements (8) als auch vom Strom abhangig ist 
und das mittels eines ersten (inoeren) Regelkreises (1 bis 
4) in einer auf eine bestimmte Temperatur geregelten 
Umgebung mit einem von einem jeweils gesetzten Tem- 
peraturwert (T soM ) abhangig vorgegebenen Strom betrie- 
ben wird, sieht erfindungsgemafc die Anwendung eines 
in Kaskade zum ersten Regelkreis geschalteten zweiten 
(aufceren) Regelkreises (9 bis 15) vor, mittels dessen nach 
dem Erreichen des Temperaturwerts (T so) |) die Durchlaft- 
■ spannung am Halbleiterbauelement (8) uberwacht und 
0 bei Abweichung von einem Spannungssollwert ein Nach- 
t fuhrsignal fur den ersten (inneren) Regelkreis zur Tempe- 
raturnachfuhrung erzeugt wird. 

Mit der Erfindung wird eine wesentlich genauere Uberwa- 
chung der tatsachlichen Betriebstemperatur des Halblei- 
terbauelements (8} erreicht und da mit eine stabilere Wel- 
lenlange garantiert, was beispielsweise bei der Anwen- 
dung in faseroptischen Kreiseln zu einer deutlichen Erho- 
hung der Skalenfaktorgenauigkeit beitragt. 
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Beschreibung 

Die Erfindung betrifft ein Verfahren sowie eine Schal- 
tungsanordnung zur Regelung der Wellenlange eines Strah- 
lung emittierenden Halbleiterbauelements, dessen Emissi- 
onswellenlange sowohl von der Temperatur des Bauele- 
ments als auch vom Strom abhangig ist, und das in einer 
temperaturgeregelten Umgebung mit einern von dem je- 
weils gesetzten Temperaturwert abhangig vorgegebenen 
Strom betrieben wird. 

Fur hochgenaue lichtoptische MeBeinrichtungen, wofiir 
faseroptische Kreisel oder aligemeiner bestimmte optische 
interferometrische MeBeinrichtungen Beispiele sind, wird 
eine Lichtquelle mit einer bestimmten, moglichst konstan- 
ten Wellenlange benotigt, urn beispielsweise aus der Pha- 
senverschiebung des Lichts in der Interferometeranordnung 
eine Drehrate bestimmen zu konnen. Die Wellenlange von 
Strahlung crnitticrcndcn Halblcitcrbauclcmcntcn, insbcson- 
dere von Superlumineszenzdioden (SLDs) oder Laserdio- 
den, ist sowohl von der Temperatur als auch vom Strom 
durch dieses Halbleiterbauelement abhangig. Irn Falle von 
Faserkreiseln werden fiir weniger genaue Anwendungen 
SLDs ohne Kuhlung bzw. Temperaturuberwachung einge- 
setzt. Fiir genauere Anforderungen jedoch werden diese 
Halbleiterbauelentenie in einer Leinperaturgeregellen Umge- 
bung, beispielsweise eingebaut in einen thermoelektrischen 
Kuhler (TEC), betrieben, der in der Regel mit Peltier-Ele- 
menten bestiickt ist, so daB sowohl Kuhlung als auch Hei- 
zung mbglich ist mit dem Vorteil einer hochgenauen Tempe- 
ratureinstell- bzw. -regelmoglichkeit. Die Temperatur im 
Gehause der Kuhl/Heizeinrichtung wird durch einen Tem- 
peraturfuhler, insbesondere einen Thermistor oder NTC 
iiberwacht. 

Bekannt ist es also mittels eines Regelkreises, der nach- 
folgend als erster Regelkreis bezeichnet wird, aus der voni 
Temperaturfuhler gemessenen Temperatur einen vorzei- 
chenrichtigen Strom fiir den thermoelektrischen Kuhler zu 
ermitteln, so daB ein vorgegebener Temperatur-Sollwert ge- 
nau eingehalten wird. Diese bekannte und bisher eingesetzte 
Regelung hat allerdings einen Nachteil: 
Trotz geringer raumlicher Abstande in dem gemeinsamen 
Gehause entspricht die jeweils vom Temperaturfuhler ange- 
zeigte Temperatur in der Regel nicht der wahren Chiptempe- 
ratur des Halbleiterbauelements, beispielsweise der SLD. 
Dadurch entsteht trotz sehr genauer Einhaltung der Tempe- 
raturvorgabewerte eine mehr oder weniger geringe Abwei- 
chung der von der Lichtquelle emittierten Lichtwellenlange. 

Der Erfindung liegt damitdie Aufgabe zugrunde, die fest- 
gestellten Einfiusse auf die Wellenlange zu beseitigen, die 
sich daraus ergeben, daB die tatsachlicheBetriebstemperatur 
des in temperaturgeregelter Umgebung betriebenen Licht- 
quellen-Baueiements nicht genau der von einem Tempera- 
turfuhler angezeigten Temperatur entspricht. 

Die Erfindung basiert zunachst auf dem Gedanken, daB 
eine andere StellgroBe als die Temperatur in der Umgebung 
der Lichtquelle gefunden werden muB, auf die geregelt wer- 
den kann. Hierzu macht sich die Erfindung die physikalische 
Erkenntnis zunutze, daB die Spannung bei bestimmten Licht 
emittierenden Halbleiterbauelementen, insbesondere bei 
SLDs uber einen weiten Bereich direkt proportional ist zur 
Temperatur. Geht man also von einem konstant gehaltenen 
Strom durch das SLD-Bauelement aus, so kann von der 
DurchlaBspannung direkt auf die Temperatur geschlossen 
werden. 

Hinsichtlich des Vcrfahrcns zur Regelung der Wellen- 
lange eines Strahlung emittierenden Halbleiterbauelements, 
dessen Emissionswellenlange sowohl von der Temperatur 
des Bauelements als auch vom Strom abhangig ist, und das 



in einer temperaturgeregelten Umgebung mit einem von 
dem jeweils gesetzten Temperaturwert T so u abhangig vorge- 
gebenen Strom I SL d betrieben wird, ist die Erfindung da- 
durch gekennzeichnet, daB die Betriebsspannung des Halb- 

5 leiterbauelements erfaBt und gegen einen durch den gesetz- 
ten Temperaturwert Tsou festgelegten Spannungswert vergli- 
chen wird, und daB bei einer Abweichung der bei den Span- 
nungswerte die Umgebungstemperatur des Bauelements 
nachgeregelt wird. 

10 GemaB der Erfindung wird also die DurchlaBspannung 
des Licht emittierenden Halbleiterbauelements, beispiels- 
weise an der SLD als RegelgroBe eines auBeren (zweiten) 
Regelkreises in einem kaskadierten Regelsystem eingesetzt. 
Eine Regelungsanordnung oder Regelschaltung fur die 

15 Wellenlange eines Strahlung emittierenden Halbleiterbau- 
elements, insbesondere einer SLD, deren Emissionswellen- 
lange sowohl von der Temperatur des Bauelements als auch 
vom Strom abhangig ist und das in cincr mittels cincs crstcn 
Regelkreises auf eine bestimmte Temperatur geregelte Um- 

20 gebung mit einem von dem jeweils gesetzten Temperatur- 
wert abhangig vorgegebenen Strom betrieben wird, ist erfin- 
dungsgemaB gekennzeichnet durch einen auBeren, in Kas- 
kade zum ersten Regelkreis geschalteten zweiten Regel- 
kreis, der nach dem Erreichen des Temperaturwerts T so u fiir 

25 die Umgebungsleinperatur die DurchlaBspannung am Halb- 
leiterbauelement iiberwacht und bei Abweichung von einem 
Spannungssollwert ein Nachfuhrsignal fiir den ersten Regel- 
kreis zur Temperatumachfuhrung abgibt. 

Bedingt durch Schwankungen bei der Herstellung konnen 

30 geringfugige Verschiebungen des Absolutwerts der opti- 
mierten DurchlaBspannung auftreten, die jedoch im vorlie- 
genden Fall unerheblich sind, da nur die Temperaturabwei- 
chung als solche ausgewertet wird. Dazu wird zu einem be- 
stimmten Zeitpunkt, der entweder vom Temperaturfuhler, 

35 also vom Thermistor oder NTC gesteuert wird, oder der 
durch eine Mindestwartezeit, in der das System garantiert 
eingeschwungen ist, erreicht wird, die momentane Span- 
nung uber dem Halbleiterbauelement, insbesondere dieDio- 
denspannung festgehalten. Dies kann auf verschiedene 

40 Weise geschehen, z. B. durch Verwendung eines Analog- 
speichers, oder, wie nachfolgend in einem Ausfulirungsbei- 
spiel beschrieben, mittels eines digitalen Potentiometers. 
Die "absolute Temperatur" wird hier durch den inneren (er- 
sten) Regelkreis gewahrleistet. 

45 Mit Bezug auf die einzige Figur der beigefugten Zeich- 
nung wird nachfolgend ein bevorzugtes und erprobtes Aus- 
fuhrungsbeispiel der Erfindung beschrieben. 

Ein Licht emittierendes Halbleiterbauelement, insbeson- 
dere eine SLD 8 wird von einer temperaturabhangig steuer- 

50 baren Stromquelle 7 gespeist, deren StellgroBe I SLD entspre- 
chend dem Temperaturwert T^u von einer externen Quelle, 
z. B. dem Prozessor der Regelschaltung eines faseropti- 
schen Kreisels, vorgegeben wird. Die SLD 8 ist in einen 
thermoelektrischen Kuhler 20 eingebaut und wird mittels ei- 

55 nes ersten, inneren Regelkreises auf der optimierten gesetz- 
ten (Betriebs-) Temperatur T soll gehalten. Der erste Regel- 
kreis des thermoelektrischen Kuhlers 20 umfaBt in bekann- 
ter Weise einen durch einen Temperaturfuhler 2 (Thermistor 
oder NTC) gesteuerten Regler 1 (NTC-Regler), der uber ei- 

60 nen Leistungsvertarker 3 (Treiber) ein thermoelektrisches 
Kiihlaggregat 4 (Peltier-Elemente) mit dem notwendigen 
Betriebssurom versorgt. Die jeweiiige Betriebstemperatur 
des Kiihlaggregats 4 wird durch den Temperaturfuhler 2 er- 
faBt. Ist ein bestimmter Temperaturwert erreicht, so wird 

65 iibcr cine hicr nicht dargcstclltc Prozcssorcinhcit der S tcucr- 
stromwert I SLD eingestellt, durch den bezogen auf den ge- 
setzten Temperaturwert T sol i uber eine steuerbare Licht- 
Stromquelle 7 eine gewiinschte optische Ausgangslei stung 
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bei einer bestimmten Wellenlange fur die SLD 8 gewahrlei- 
stet ist. 

Wie bereits erwahnt, wurde jedoch festgestellt, daB die 
vom Temperaturfiihler 2 angezeigfe Temperatur nicht genau 
der wahren Temperatur des Chips der SLD 8 entspricht, Ba- 
sierend auf der Erkenntnis, daB die Spannung der SLD 8 
uber einen weiten Bereich direkt proportional zur Betriebs- 
temperatur ist, wird mit der Erfindung ein zweiter auBerer 
Regelkxeis vorgeschlagen, mit dern zunachst die Spannung 
an der SLD 8 uber einen DifTerenzverstarker 9 den einen 10 
Eingang eines Komparators 10 beaufschlagt, dessen zweiter 
Eingang im dargestellten Ausfiihrungsbeispiel mit dem 
Analogausgang eines digitalen Potentiometers verbunden 
ist, bestehend aus einem Taktgenerator 11, einem Zahler 12 
und einem D/A-Wandler (DAC) 13. Der Ausgang des Kom- 15 
parators 10 liefert einerseits ein Stop-Signal fur den Taktge- 
nerator (Clockgenerator) 11 und beaufschlagt andererseits 
den cincn Eingang cincs UND-Glicds 14. Der andcrc Ein- 
gang des UND-Glieds 14 liegt an einem Ausgang eines Ver- 
gleichers 6, der feststellt, ob die vom Temperaturfiihler 2 ge- 
messene Temperatur innerhalb eines vorgegebenen Tempe- 
raturfensters, also insbesondere in einem engen Bereich um 
den gesetzten Temperaturwert T^u liegt. Der Vergieicher 6 
liefert auBerdem ein Startfreigabesignal fur den Taktgenera- 
Lor 11. Das UND-GLied 14 steuerl einen Sehaller 5 (Tor- 
schaltung), uber den dem Regler 1 eine zusatzliche Stell- 
groBe von einem Spannungsregier 15 zufuhrbar ist, der ein- 
gangsseitig durch den Ausgang des D/A-Wandlers 13 als 
SollgroBe beaufschlagt ist. Aus der SollgroBe, die aus dem 
D/A-Wandler 13 bereitgestellt wird, und aus der IstgroBe, 30 
die der DifTerenzverstarker 9 bildet und die sich nicht mehr 
andert, wird eine Regelabweichung ermittelt, die wiederum 
als FuhrungsgroBe an den Regler 1 weitergegeben wird, 
wenn der Schalter 5 geschlossen ist. Ein einmal eingestellter 
Strom fur die Lichtquelle 7 wird nicht mehr variiert, d. h. es 35 
wird von der oben erwahnten physikalischen Beobachtung 
ausgegangen, daB eine Spannungsanderung an der SLD 8 
ihren Ursprung in einer Temperaturanderung hat. 

Die soweit beschriebene Regelungsschaltung arbeitet wie 

folgt: 40 
Nach dem Einschalten der Stromversorgung ist der Schalter 
5 zunachst offen. Der Regler 1 des ersten Regelkreises fur 
den thermoelektrischen Kiihler 20 mit Temperaturfiihler 2, 
Treiber 3 und thermoelektrischen Kuhlelementen 4 stellt 
eine gesetzte Temperatur Tsou intern ein. Als zweite GroBe 45 
neben dem Betriebsstrom fur die Kiihlelemente 4 gibt der 
Regler 1 noch die Temperatur aus, und zwar einerseits an 
den (nicht dargestellten) Prozessor zur Vorgabe der Steuer- 
groBe Isld sowie an den Vergieicher 6. Ist der Temperatur- 
wert Tsou erreicht, so wird die Stromquelle 7 uber den Steu- 50 
erstromwert I S ld auf emen konstanten Slrom eingestellt. 
Die Spannung an der SLD 8 wird uber den DifTerenzverstar- 
ker 9 zum Komparator 10 gefiihrt. Sobald die Temperatur im 
Bereich von T^u liegt, gibt der Vergieicher 6 den Taktgene- 
rator 11 frei, der uber den Zahler 12 und den D/A-Wandler 55 
13 eine Spannung an den zweiten Eingang des Komparators 
10 legt. Sobald der Komparator 10 Spannungsgleichheit mit 
der Spannung uber der SLD 8 erkennt, schaltet sein Aus- 
gangswert um, spent damit den Taktgenerator 1 1 und schal- 
tet uber das UND-Glied 14 den Schalter 5 frei, wobei die 60 
zweite Bedingung fur die UND-Verknupfung das in der 
Schaltung des Vergleichers 6 festgestellte Erreichen des 
Temperaturfensters ist. Fur den Vergieicher 6 lassen sich gut 
sogenannte Fensterdiskriminatoren einsetzen. Fur den glei- 
chen Zwcck cigncn sich jedoch auch cinfachc Zcitvcrzogc- 65 
rungsschaltungen. Nach dem SchlieBen des Schalters 5 
ubernimmt die SLD-Spannungsregelung 15 als ubergeord- 
neter (zweiter) Regelkreis die Temperaturregelung fur den 
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thermoelektrischen Kiihler 20 und damit auch fiir die SLD 
8. Ersichtlicherweise ist dabei die vom D/A-Wandler 13 ge- 
lieferte Spannung die SollgroBe, wahrend die Spannung 
uber der SLD 8 die TstgroBe wiedergibt. 

Eine vorteilhafte Abwandlung bzw. Erganzung der Schal- 
tungsanordnung besteht darin, anstelle bzw. erganzend zur 
SteuergroBe I S ld e i° e automatische Regelung der optischen 
Leistung der SLD 8 vorzusehen. Dazu wird ein Teil des von 
der SLD 8 emittierten Lichts durch einen Strahlteiler (nicht 
dargestellt) auf eine Monitor-Diode gegeben und damit wird 
uber einen weiteren Regelkreis 16, allgemein gebrauchlich 
unter der Bezeichnung "Automatic Power Control" (APC), 
der Strom der SLD 8 besummt. Ist ein bestimmter Sollwert 
der optischen Leistung erreicht, so wird der Betriebsstrom 
der SLD 8 bzw. die SteuergroBe I SLD ebenfalls "eingefro- 
ren". 

Ein Vorteil dieser - in der Zeichnung gestrichelt wieder- 
gcgcbcncn - Schaltungsvariantc odcr Schaltungscrganzung 
besteht darin, daB bei jedem Einschalten der SLD 8 die glei- 
20 che optische Leistung geliefert wird. Aus den dabei festge- 
stellten Unterschieden im Betriebsstrom und aus der Be- 
triebszeit, die in einer ubergeordneten Elektronik ausgewer- 
tet werden konnen, lassen sich Informationen iiber die Alie- 
ning der SLD 8 bzw. der Laserdiode gewinnen, woraus eine 
25 Warnineldung uber einen evenluellen Ausfall ableilbar ist. 
Mit der Erfindung wird eine deutlich bessere Stabilitat der 
Wellenlange des Licht emittierenden Halbleiterbauele- 
ments, also insbesondere der SLD 8 erreicht. 

Patentanspriiche 

1. Verfahren zur Regelung der Wellenlange eines 
Strahlung emittierenden Halbleiterbauelements, dessen 
Emissionswellenlange sowohl von der Temperatur des 
Bauelements als auch vom Strom abhangig ist, und das 
in einer temperaturgeregelten Umgebung mit einem 
von dem jeweils gesetzten Temperaturwert (T so u ab- 
hangig vorgegebenen Strom betrieben wird, dadurch 
gekennzeichnet, daB 

- die Betriebsspannung des Halbleiterbauele- 
ments (8) erfaBt und gegen einen durch den ge- 
setzten Temperaturwert (Tsou) festgelegten Span- 
nungswert verglichen wird und daB 

- bei einer Abweichung der beiden Spannungs- 
werte die Umgebungstemperatur des Bauelements 
(8) nachgeregelt wird. 

2. Verfahren nach Anspruch 1, dadurch gekennzeich- 
net, daB als Strahlung emittierendes Halbleiterbauele- 
ment eine Superlumineszenzdiode verwendet wird. 

3. Verfahren nach Anspruch 1, dadurch gekennzeich- 
net, daB als Strahlung emittierendes Halbleiterbauele- 
ment eine Laserdiode verwendet wird. 

4. Regelungsanordnung fiir die Wellenlange eines 
Strahlung emittierenden Halbleiterbauelements (8), 
dessen Emissionswellenlange sowohl von der Tempe- 
ratur des Bauelements als auch vom Strom abhangig ist 
und das in einer mittels eines ersten Regelkreises (1, 2, 
3, 4) auf eine bestimmte Temperatur geregelten Umge- 
bung mit einem von dem jeweils gesetzten Temperatur- 
wert (Tsou) abhangig vorgegebenen Strom (Ist.d) De " 
trieben wird, gekennzeichnet durch einen auBeren in 
Kaskade zum ersten Regelkreis geschalteten zweiten 
Regelkreis (9 bis 15), der nach dem Erreichen des ge- 
setzten Temperaturwerts (T so ii) die DurchlaBspannung 
am Halblcitcrbauclcmcnt (8) ubcrwacht und bei Ab- 
weichung von einem Spannungssollwert ein Nachfiihr- 
signal fiir den ersten Regelkreis zur Temperaturnach- 
fuhrung abgibt. 
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5. Regelungsanordnung nach Anspruch 4, dadurch ge- 
kennzeichnet, daB das Halbleiterbauelement (8) eine 
Superlurnineszenzdiode (SLD) oder eine Laserdiode 
ist. 

6. Regelungsanordnung nach Anspruch 4 oder 5, ge- 5 
kennzeichnet durch einen Komparator (10), der die 
DurchlaBspannung am Halbleiterbauelement (8) gegen 
eine durch den gesetzten Temperaturwert (T soll ) bei 
dem vorgegebenen konstanten Strom (Isld) bestimmte 
Spannung vergleicht und bei Abweichung eine Tor- 10 
schaltung (14, 5) aktiviert, iiber welche das von einem 
Spannungsregler (15) des zweiten Regelkreises gelie- 
ferte Nachfuhrsignal den ersten Regelkreis beauf- 
schlagt. 

7. Regelungsanordnung nach Anspruch 6, dadurch ge- 15 
kennzeichnet, daB der Spannungsregler (15) durch eine 

in Abhangigkeit von einem Vergleich zwischen dem 
gcsctztcn Temperaturwert (T^u) und der tatsachlichcn 
Urngebungstemperatur (T) des Bauelements (8) gene- 
rierte Spannung als SollgroBe beaufschlagt ist. 20 

8. Regelungsanordnung nach Anspruch 7, dadurch ge- 
kennzeichnet, daB die SollgroBe fur den Spannungsreg- 
ler (15) iiber ein digitales Potentiometer (11, 12, 13) ge- 
neriert wird, das in Abhangigkeit von dem Temperatur- 
vergleich (T = T so ii?) gestartet und in Abhangigkeit 25 
vom Spannungsvergleich am Komparator (10) deakti- 
viert. wird. 

9. Regelungsanordnung nach Anspruch 8. dadurch ge- 
kennzeichnet, daB das digitale Potentiometer durch ei- 
nen aufgrund des Temperaturvergleichs zu startenden 30 
und in Abhangigkeit vom genannten Spannungsver- 
gleich stitlsetzbaren Taktgenerator (11), einen durch 
diesen gesteuerten Zahler (12) und einen diesem nach- 
geschalteten Digital/Analog- Wandler (13) gebildet ist. 

10. Regelungsanordnung nach einem der vorstehen- 35 
den Anspriiche 4 bis 9, dadurch gekennzeichnet, da6 
die Vorgabe des Betriebsstrom fiir das Halbleiterbau- 
element (8) iiber eine automatische Regelung der opti- 
sch'en Leistung des Halbleiterbauelements bestimmt 
ist. *> 
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